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PRELIMINARY AMENDMENT 



Box PCT 

Assistant Commissioner for Patents 
Washington, D. C. 20231 

Dear Sir: 

In connection with the above-identified application filed herewith, please enter the 
following preliminary amendments: 

D^J THE ABSTRACT 
Insert the attached Abstract page into the application as the last page thereof. 

IN THE SPECIFICATION 
A courtesy copy of the present specification is enclosed herewith. However, the 
Worid Intellectual Property Office (WIPO) copy should be rehed upon if it is already in the U.S. 
Patent Office. 



IN THE CLAIMS 

Please amend claims 5, 11, 12, 18, 21 and 23-29 as follows: 

5. (amended) The filter cartridge as described in claim 1, wherein the first filtration layer of the 
filter cartridge has a void rate of 65 to 90%. 

1 1 . (amended) The filter cartridge as described in claim 9, wherein the aperture part has an area 
ratio of 5 to 60% based on the whole area of the strip of nonwoven having aperture parts. 

12. (amended) The filter cartridge as described in claim 9, wherein a porous material other than 
the strip of no woven having an aperture part is used for a part of the filtration layer in the fiher 
cartridge. 

18. (amended) The filter cartridge as described in claim 16, wherein a porous material other than 
the strip of filament nonwoven having a tongue section part is used for a part of the filtration 
layer in the filter cartridge. 

21. (amended) The filter cartridge as described in claim 1, wherein the thermoplastic fiber is a 
thermally adherent composite fiber comprising a low melting point resin and a high melting 
point resin, difference in melting point between both resins being 10°C or more. 

23. (amended) The filter cartridge as described in claim 1, wherein fiber intersections in the strip 
of nonwoven are bonded by thermal compression bonding by means of a hot embossing roll. 

24. (amended) The filter cartridge as described in claim 1, wherein fiber intersections in the strip 
of nonwoven are bonded by hot air. 

25. (amended) The filter cartridge as described in claim 1, wherein the strip of nonwoven is 
twisted. 

26. (amended) The filter cartridge as described in claim 9, wherein the filtrdtion layer of the 
filter cartridge has a void rate of 65 to 90%o. 

27. (amended) The filter cartridge as described in claim 9, wherein the stiip of nonwoven 
comprises at least 30% by weight of the thermoplastic fiber. 

28. (amended) The filter cartridge as described in claim 1, wherein the strip of nonwoven has a 
width of 0.5 cm or more, and a product of a width (cm) and a mass per unit area (g/cm^) of the 
strip of nonwoven is 200 or less. 

29. (amended) The filter cartridge as described in claim 9, wherein the stiip of nonwoven is a 
filament nonwoven. 
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REMARKS 

The above preliminary amendment is made to remove multiple dependencies from claims 
5, 11,12, 18,21 and 23-29. 

A new abstract page is supplied to conform to that appearing on the publication page of 
the WIPO apphcation, but the new Abstract is typed on a separate page as required by U.S. 
practice. 

Applicants respectfully request that the preliminary amendment described herein be 
entered into the record prior to calculation of the filing fee and prior to examination and 
consideration of the above-identified apphcation. 

If a telephone conference would be helpful in resolving any issues concerning this 
communication, please contact Applicants' primary attomey-of record, Douglas P. Mueller (Reg. 
No. 30,300), at 612.371.5237. 



Respectfully submitted, 



MERCHANT & GOULD P.C. 
P.O. Box 2903 

Minneapohs, Minnesota 55402-0903 
(612) 332-5300 



Dated: September 20, 2001 




iQouglas P. Mueller 
Reg. No. 30,300 



DPM/kas 
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Marked-up Copy of Claims 



5. The filter cartridge as described in [any of claims 1 to 4] claim U wherein the first 
filtration layer of the filter cartridge has a void rate of 65 to 90%. 

11. The filter cartridge as described in [claim 9 or 10] claim 9 , wherein the aperture part 
has an area ratio of 5 to 60% based on the whole area of the strip of nonwoven having 
aperture parts. 

12. The filter cartridge as described in [any of claims 9 to 1 1] claim 9 , wherein a porous 
material other than the strip of nowoven having an aperture part is used for a part of the 
filtration layer in the filter cartridge. 

18. The filter cartridge as described in [claim 16 or 17] claim 16 , wherein a porous 
material other than the strip of filament nonwoven having a tongue section part is used 
for a part of the filtration layer in the filter cartridge. 

21. The filter cartridge as described in [any of claims 1, 9, 13, 16 and 19] claim 1 , 
wherein the thermoplastic fiber is a thermally adherent composite fiber comprising a low 
melting point resin and a high melting point resin, difference in melting point between 
both resins being 10°C or more. 

23. The filter cartridge as described in [any of claims 1, 9, 13, 16 and 19] claim 1 , 
wherein fiber intersections in the strip of nonwoven are bonded by thermal compression 
bonding by means of a hot embossing roll. 

24. The filter cartridge as described in [any of claims 1, 9, 13, 16 and 19] claim 1 , 
wherein fiber intersections in the strip of nonwoven are bonded by hot air. 

25. The filter cartridge as described in [any of claims 1, 9, 13, 16 and 19] claim 1 , 
wherein the strip of nonwoven is twisted. 

26. The filter cartridge as described in [any of claims 9, 13, 16 and 19] claim 9 , wherein 
the filtration layer of the filter cartridge has a void rate of 65 to 90%>. 

27. The filter cartridge as described in [any of claims 9, 13, 16 and 19] claim 9 , wherein 
the strip of nonwoven comprises at least 30% by weight of the thermoplastic fiber. 

28. The filter cartridge as described in [any of claims 1, 9, 13, 16 and 19] claim 1 , 
wherein the strip of nonwoven has a width of 0.5 cm or more, and a product of a width 
(cm) and a mass per unit area (g/cm^) of the strip of nonwoven is 200 or less. 

29. The filter cartridge as described in [any of claims 9, 13, 16 and 19] claim 9 , wherein 
the strip of nonwoven is a filament nonwoven. 



ABSTRACT 



A filter cartridge formed by winding, in a twill construction, a band-shaped unwoven 
cloth, which contains thermoplastic fibers and at least a part of its fiber intersections are 
stuck thereon, so that a cylindrical shape can be obtained, wherein 1. two types of 
filtrating layers are used, 2. unwoven cloth having opening hole parts is used, 3. an end 
face seal part is provided on both end parts of the cartridge, 4. unwoven cloth having a 
tongue piece part is used, or 5. two or more pieced of unwoven cloth are wound 
simultaneously, whereby those characteristic of the fiher cartridge such as liquid 
permeability, filterable life, and stability of filtration accuracy can be kept in balance with 
each other. 
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DESCRIPTION 



FILTER CARTRIDGE 



Technical Field 

The present invention relates to a filter 
cartridge useful for filtering a liquid, specifically to a 
filter cartridge having a high accuracy and a long filtering 
life, prepared by winding a strip of nonwoven comprising a 
thermoplastic fiber obtained by bonding at least a part of 
fiber intersections in a twill form so as to make a 
cylindrical form. 

Background Art 

Various filters for clarifying a fluid are 
presently developed and produced. Among them, cartridge- 
type filters (hereinafter abridged as filter cartridges) are 
widely used in the industrial field, for example, for 
removing suspended particles in industrial liquid materials, 
removing cakes flowing out of a cake filtering apparatus and 
clarifying industrial water. 



have so far been proposed. The most typical one is a bobbin 
winder-type filter cartridge, which is a cylindrical filter 
cartridge prepared by winding a spun yarn as a filter 
material on a perforated cylinder in a twill form and then 
fluffing the spun yarn. This type has long been used due to 



Several kinds of structures of a filter cartridge 
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inexpensiveness and easiness in production- Another type of 
structure includes a nonwoven-laminated type filter 
cartridge. This is a cylindrical filter cartridge prepared 
by winding several kinds of nonwovens such as a carding 
5 nonwoven stepwise and concentrically on a perforated 

cylinder. A recent advanced technique in a nonwoven 
production has allowed some of them to be put to practical 
use. 

However, the above-mentioned filter cartridges 
lOy have several defects. For example, in the bobbin winder- 
type filter cartridge for trapping particles by means of 
^ fluffs of fluffed spun yarns and also in gaps of the spun 
* yarns, it is difficult to control the size and form of the 
Q fluffs and gaps. This limits size and amount of the 
1^ particles that can be trapped. 
Ci Further, an end face of a conventional bobbin 

winder type filter cartridge stays in a state that spun 
yarns are, so to speak, arranged and therefore is inferior 
in smoothness. Also, the yarns have to be wound tightly in 
20 order to prevent the yarns from being untied, so that the 

end face is hardened as well, and bite thereof into an edge 
of the housing is deteriorated, which has resulted in an 
inferior sealing property. 

Several measures have so far been taken in order 
25 to solve such defects. To thermally bond an end face of a 
filter is one method. This thermal bonding of the end face 
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has avoided untying of the yarns in a filter cartridge, but 
this is mainly effective just for preventing the yarns from 
being untied, and problems still remain unsolved in respect 
of smoothness and a sealing property of the end face as 
5 described above. 

JP-U 4-87717 discloses a method in which a 
synthetic resin film wound on both end faces in the 
periphery of the filter is used as a binder, in order to 
prevent a cushioning material from being peeled in filtering 
107 paints. However, this method is used merely to solve the 
problem of rolling up of a glass fiber nonwoven caused in 
winding spun yarns, and not to solve all the problems 
.~t described above. 

T Another method is one in which a cushioning 

material is adhered to an end face of a filter. In this 
method, a binder of a low density polyethylene film, a low 
molecular weight polypropylene or an ethylene-vinyl acetate 
copolymer resin is used to adhere a cushioning material such 
as foamed polyethylene, foamed polypropylene or ethylene 

20 propylene rubber. This method can be used to solve the 

problems of smoothness and sealing property of the end face. 
However, addition of such new materials restricts the use 
conditions of the filter, for example, the temperature 
condition and the chemical resistance of three materials 

2 5 i.e., a filter material, a cushioning material and a binder 

material, and therefore the filter is difficult to use in 
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every fields. In particular, as the binders are mostly 
inferior in heat resistance and chemical resistance, they 
have sometimes experienced peeling off depending on the use 
conditions. Further, many of binders for such uses usually 
5 contains low molecular weight components, and therefore are 

problematic when used for general industries as well as 
medicines and foods . 

JP-B 8-29206 discloses a method in which a 
G thermoplastic sheet is bonded to an end face of a filter 
10^ element comprising a thermoplastic synthetic fiber by means 
"3? of a hot plate. However, this method is used to bring out a 
=^ maximum sealing property at an end part of the original 

filter element, and if the original filter element is short 
* of a potential sealing property (for example, flexibility), 
1^ the method has not necessarily been satisfactory. 
■f^-- In a filter in which a broad nonwoven is wound 

around a perforated cylinder in layers as shown in Fig. 1, a 
so-called nonwoven-laminated type filter cartridge, its 
performance depends on the kind of nonwovens used- A 
20 nonwoven is produced mostly by a method in which short 

fibers are confounded by means of a carding machine or an 
air laid machine and then subjecting them, if necessary, to 
heat treatment by means of a hot air heater or a heating 
roll, or a method in which a nonwoven is directly prepared, 
25 such as a melt blowing method and a spun bonding method. 

However, any machines used for producing nonwovens, such as 
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a carding machine, an air laid machine, a hot air heater, a 
heating roll, a melt blowing machine and a spun bonding 
machine, may often cause, for example, unevenness of a mass 
per unit area of a nonwoven in a machine direction. 
Accordingly, a filter cartridge produced will be inferior in 
quality. 

Further, Japanese Utility Model Publication No. 
7767/1994 proposes a filter cartridge in which a filter 
material obtained by squashing a tape-shaped paper having 
porosity while twisting, thereby squeezing it to control a 
diameter thereof to about 3 mm is wound around a porous 
internal cylinder in a close twill. This method is 
advantageous in that a winding pitch can be gradually 
increased from the porous internal cylinder toward the 
outside. However, the filter material needs to be squashed 
and squeezed, so that particles are trapped primarily 
between the winding pitches of the filter material. 
Accordingly, it is less expected to trap particles by filter 
materials itself as is the case of a conventional bobbin 
winder type filter using spun yarns which traps particles by 
means of fluffs. This blocks the surface of the filter to 
shorten the filter life or brings about the poor liquid- 
pemaaeability in a certain case. 

Proposed as another method, JP-A 1-115423 proposes 
a filter in which strings obtained by slitting a cellulose 
spun bonded nonwoven into strips and passing them through 
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narrow holes to twist them are wound around a bobbin having 
a lot of drilled pores. It is considered that this method 
shall make it possible to prepare a filter having a higher 
mechanical strength and being free of dissolution in water 
5 and elution of a binder, as compared with a conventional 

roll tissue filter prepared by winding tissue paper in a 
roll form, which is produced from a-cellulose prepared by 
refining a coniferous pulp. However, the cellulose spun 
X- bonded nonwoven used for this filter has a papery form and 

lOj, thus a too high rigidity, and is liable to swell in a liquid, 
vi Swelling may bring about various problems such as a decrease 
Z in a filter strength, a change in a filtering accuracy, a 

deterioration in liquid-permeability, a reduction in a 
r;: filter life and the like. Adhesion at fiber intersections 

IS- of the cellulose spun bonded nonwoven is mostly conducted by 
a certain chemical treatment. Such adhesion is often 
unsatisfactory, causing a change in a filtering accuracy or 
falling of fiber chips, so that a stable filtering 
performance is difficult to achieve. 

20 Further, JP-A 4-45810 proposes a filter prepared 

by winding a slit nonwoven comprising composite fibers in 
which 10% by weight or more of structural fibers is split 
into 0.5 denier or less on a porous core cylinder so that 
the fiber density becomes 0.18 to 0.30 (g/cm^). It is 

25 supposed that use of this method makes it possible to trap 

fine particles contained in a liquid by means of fibers 
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having a small fineness. However, a physical stress has to 
be applied by means of high pressure water in order to split 
the composite fibers, and it is difficult to split evenly 
them all over the nonwoven by processing with high pressure 
5 water. Further, heterogeneous splitting lowers a strength 

of the nonwoven in a certain case. This may reduce strength 
of the resulting filter, so that the filter is liable to be 
deformed during use or the void rate of the filter is varied, 
i so that the liquid-permeability is reduced. 

iC On the other hand, separately from the methods 

described above, it has been attempted to raise a filtering 
= performance by providing the filter with a multilayer 

structure. For example, JP-U 4-131412, JP-U 4-131413 and 
= JP-U 5-2715 disclose a method for preparing a cylindrical 

IC cartridge filter comprising several layers by using a 

nonwoven comprising extra fine fibers which are obtained by 
splitting splittable composite fibers. These layer 
structures are a structure comprising a nonwoven-wound layer 
comprising extra fine fibers and a spun yarn layer (JP-U 4- 

20 131412), a structure comprising a slit nonwoven-wound layer 

comprising extra fine fibers, a layer prepared by winding a 
slit nonwoven and a yarn in combination and a spun yarn- 
wound layer (JP-U 4-131413) and a structure comprising a 
slit nonwoven-wound layer comprising extra fine fibers and a 

25 slit nonwoven-wound layer having a fiber diameter twice or 

more large as that of the above layer (JP-U 5-2715). All 



these filters having a multilayer structure are expected to 
extend the filtering life longer than those comprising a 
single layer structure. However, the problem caused by 
using split fibers as described above has not yet been 
solved. 

Further, JP-U 4-3 0007 discloses a filter element 
having a two-layer structure comprising a core having a lot 
of communicating holes, a pleated filter prepared by folding 
many times a surface filter material in the periphery 
thereof to make it endless and a bobbin winder filter in the 
periphery thereof. However, spun yarns are used in this 
filter element, and therefore the problem caused by using 
the spun yarns as described above has not yet been solved. 

An object of the present invention is to provide a 
filter cartridge which is excellent in filtering 
performances such as a liquid-permeability, a filtering 
accuracy and a filter life and in which fallen filter 
materials and other particles are not mixed in a filtrate 
and which can solve the problems of a smoothness of an end 
face and an inferior sealing property caused by a shortage 
in flexibility in sealing. 

Disclosure of the Invention 

Intensive investigations repeated by the present 
inventors have resulted in finding that the object described 
above can be achieved by a filter cartridge produced based 
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on the concept that a strip of nonwoven comprising a 
thermoplastic fiber prepared by bonding at least a part of 
the fiber intersections is wound in a twill form so that a 
cylindrical form is obtained, and the finding thus has led 
to completion of the present invention. 

The present invention is composed of five 
inventions described below, when roughly classified. 

The following items constitute the first invention. 

(1) A filter cartridge prepared by winding a strip of 
nonwoven comprising a thermoplastic fiber obtained by 
bonding at least a part of the fiber intersections in a 
twill form so as to make a cylindrical form, wherein a 
filtration layer comprises a first filtration layer and a 
second filtration layer; the first filtration layer 
comprises a filament nonwoven; and an initial 80% trapped 
particle diameter in the second filtration layer is 0.05 to 
0.9 time as large as an initial 80% trapped particle 
diameter in the first filtration layer. 

(2) The filter cartridge as described in the item (1), 
wherein the strip of filament nonwoven is turned into a 
pleated matter having 4 to 50 pleats and wound around a 
perforated cylinder in a twill form. 

(3) The filter cartridge as described in the item (2), 
wherein at least a part of the pleats of the pleated matter 
is arranged in non-parallel. 
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( 4 ) The filter cartridge as described in the item ( 2 ) , 
wherein the pleated matter has a void rate of 60 to 95%. 

(5) The filter cartridge as described in any of the 
items ( 1 ) to ( 4 ) , wherein the first filtration layer of the 
filter cartridge has a void rate of 65 to 90%. 

(6) The filter cartridge as described in the item (1)/ 
wherein the second filtration layer is prepared by winding a 
perforated sheet around a perforated cylinder in a layer 
form. 

(7) The filter cartridge as described in the item (1), 
wherein the second filtration layer has a two-layer 
structure comprising a filtration layer (a) prepared by 
winding a strip of filament nonwoven comprising a 
thermoplastic fiber prepared by bonding at least a part of 
fiber intersections around a perforated cylinder in a twill 
form and a filtration layer (Jb) in which the strip of 
filament nonwoven is continuously wound from the filtration 
layer (a) in a twill form while winding a perforated sheet 
in a layer form; and the first filtration layer is a 
filtration layer in which the strip of filament nonwoven is 
continuously wound from the second filtration layer in a 
twill form. 

( 8 ) The filter cartridge as described in the item ( 1 ) , 
wherein the second filtration layer is prepared by folding a 
perforated sheet around a perforated cylinder in a pleat 
form and molding it in a cylindrical form. 



The following items constitute the second 

invention. 

(9) A filter cartridge prepared by winding a strip of 
nonwoven having aperture parts and comprising a 
thermoplastic fiber obtained by bonding at least a part of 
fiber intersections around a perforated cylinder in a twill 
form. 

(10) The filter cartridge as described in the item (9), 
wherein the strip of nonwoven having aperture parts is a 
pleated matter having 4 to 50 pleats. 

(11) The filter cartridge as described in the item (9) 
or (10), wherein the aperture part has an area ratio of 5 to 
60% based on the whole area of the strip of nonwoven having 
aperture parts. 

(12) The filter cartridge as described in any of the 
items (9) to (11), wherein a porous material other than the 
strip of nonwoven having an aperture part is used for a part 
of the filtration layer in the filter cartridge. 

The following items constitute the third 

invention. 

(13) A filter cartridge prepared by winding a strip of 
nonwoven comprising a thermoplastic fiber obtained by 
bonding at least a part of fiber intersections around a 
perforated cylinder in a twill form, wherein end face-sealed 
parts are provided at both end parts thereof. 

(14) The filter cartridge as described in the item 
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(13), wherein the both end face parts are sealed by melting 
or softening the strip of nonwoven constituting both end 
parts of the filter cartridge thereby integrating them with 
the nonwoven. 

(15) The filter cartridge as described in the item 
(13), wherein the end face-sealed parts are formed by 
combining a sheet comprising the same resin as at least one 
of the thermoplastic resins used for the strip of nonwoven 
constituting both end parts on the surfaces of both end 
parts of the filter cartridge and melting or softening the 
sheet, thereby integrating it with the nonwoven. 

The following items constitute the forth 

invention. 

(16) A filter cartridge prepared by winding a strip of 
nonwoven comprising a thermoplastic fiber obtained by 
bonding at least a part of fiber intersections around a 
perforated cylinder in a twill fom, wherein the nonwoven 
has a tongue section part. 

(17) The filter cartridge as described in the item 
(16), wherein the tongue section part has an area ratio of 
10 to 80% based on the whole area of the strip of nonwoven 
having a tongue section part. 

(18) The filter cartridge as described in the item (16) 
or (17), wherein a porous material other than the strip of 
filament nonwoven having a tongue section part is used for a 
part of the filtration layer in the filter cartridge. 
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The following items constitute the fifth 

invention. 

(19) A filter cartridge prepared by winding a strip of 

nonwoven comprising a thermoplastic fiber obtained by 
5 bonding at least a part of fiber intersections around a 

perforated cylinder in a twill form, wherein at least two of 
the nonwovens comprising a thermoplastic fiber are 
concurrently wound around the perforated cylinder. 
^ (20) The filter cartridge as described in the item 

10- (19) r wherein the widths of the strip of nonwoven are 
designated as Li, L2, L3, .... Ln (mm), and the winding 
; numbers of the strip of nonwovens having the respective 

widths are designated as Ni, N2, N3, .... Nn; the relation 
-~ between the former and the latter being expressed by the 
l%f following equation (A) : 

7^(Li X Ni) + (L2 X N2) + + (Ln X Nn)^150 

(provided that the total of Ni + N2 + + Nn is an integer 

of 2 or more) . 

Further, the following items are common to the 
20 inventions described above. 

(21) The filter cartridge as described in any of the 

items (1), (9), (13), (16) and (19), wherein the 
thermoplastic fiber is a thermally adherent composite fiber 
comprising a low melting point resin and a high melting 
25 point resin, difference in melting point between both resins 

being 10°C or more. 
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(22) The filter cartridge as described in the item 

{21) f wherein the low melting point resin is a linear low 
density polyethylene and the high melting point resin is a 
polypropylene . 

5 (23) The filter cartridge as described in any of the 

items (1), (9), (13), (16) and (19), wherein fiber 
intersections in the strip of nonwoven are bonded by thermal 
compression bonding by means of a hot embossing roll. 
(24) The filter cartridge as described in any of the 

IQi items (1), (9), (13), (16) and (19), wherein fiber 

intersections in the strip of nonwoven are bonded by hot 
iyo air. 

Oi (25) The filter cartridge as described in any of the 

f; items (1), (9), (13), (16) and (19), wherein the strip of 
1%3 nonwoven is twisted. 

(26) The filter cartridge as described in any of the 
items (9), (13), (16) and (19), wherein the filtration layer 
of the filter cartridge has a void rate of 65 to 90%. 

(27) The filter cartridge as described in any of the 
20 items (9), (13), (16) and (19), wherein the strip of 

nonwoven comprises at least 3 0% by weight of the 
thermoplastic fiber. 

(28) The filter cartridge as described in any of the 
items (1), (9), (13), (16) and (19), wherein the strip of 

25 nonwoven has a width of 0.5 cm or more, and a product of a 

width (cm) and a mass per unit area (g/cm^) of the strip of 
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nonwoven is 2 00 or less. 

(29) The filter cartridge as described in any of the 

items (9), (13), (16) and (19), wherein the strip of 
nonwoven is a filament nonwoven. 

Brief Description of the Drawing 

Fig. 1 shows a state in which a nonwoven is wound 
in a layer form. 

Fig. 2 is a schematic drawing of a spun-laid 
nonwoven. Code 13 represents a long fiber constituting the 
spun-laid nonwoven, and code 14 represents a particle. 

Fig. 3 is a schematic drawing of a staple nonwoven. 
Code 14 represents a particle, and code 14 represents a 
staple fiber constituting the staple nonwoven. 

Fig. 4 is an explanatory drawing showing an 
appearance of the filter cartridge of the present invention. 
Code 1 represents the filter cartridge; code 2 represents a 
perforated cylinder; code 4 represents an end face-molten 
part; and code 5 represents a yarn space. 

Fig, 5 is an explanatory drawing showing a state 
in which a strip of nonwoven is wound in a traverse form. 
Code 1 represents a filter cartridge; code 2 represents a 
perforated cylinder; code 3 represents a converged nonwoven; 
code 10 represents a strip of nonwoven; code 11 represents a 
bobbin; and code 12 represents a traverse guide. 

Fig. 6 is a cut-out perspective drawing of the 



filter cartridge according to the present invention. Code 1 
represents a first filtration layer; code 2 represents a 
second filtration layer; code 3 represents the filter 
cartridge; code 4 represents a strip of filament nonwoven- 
converged matter; and code 32 represents a space between one 
strip of filament nonwoven and another strip of filament 
nonwoven wound on a layer immediately thereunder. 

Fig. 7 is an explanatory drawing showing a status 
of a particle trapped by an embossing pattern of the 
nonwoven. Code 5 represents a part where strong thermal 
compression bonding is applied by the embossing pattern; 
code 6 represents a part where the embossing pattern is not 
applied and only weak thermal compression bonding is 
present; code 7 represents a particle; and code 8 represents 
a particle passing through the part where the embossing 
pattern is not applied and only weak thermal compression 
bonding is present. 

Fig. 8 is an explanatory drawing showing a state 
in which a strip of filament nonwoven is wound as it is 
without processing. Code 2 represents a second filtration 
layer; code 9 represents a strip of filament nonwoven or a 
converged matter thereof; code 10 represents a traverse 
guide having a narrow hole; code 11 represents a bobbin; and 
code 12 represents a filter cartridge. 

Fig. 9 is an explanatory drawing showing a state 
in which a strip of filament nonwoven is wound while 



twisting. Code 2 represents a second filtration layer; code 
9 represents the strip of filament nonwoven or a converged 
matter thereof; code 11 represents a bobbin; code 12 
represents a filter cartridge; and code 13 represents a 
traverse guide. 

Fig. 10 is a drawing showing a state of processing 
a strip of filament nonwoven into a pleated matter by means 
of a pleat-forming guide. Code 9 represents a strip of 
filament nonwoven or a converged matter thereof; code 15 
represents an external controlling guide; code 16 represents 
an internal controlling guide; code 17 represents a small 
hole; code 18 represents pleated matter; and code 19 
represents the pleat-forming guide. 

Fig. 11 is a cross section showing one example of 
the pleat-forming guide used in the present invention. Code 
9 represents a strip of filament nonwoven or a converged 
matter thereof; code 15 represents an external controlling 
guide; code 16 represents an internal controlling guide; and 
code 19 represents the pleat-forming guide. 

Fig. 12 is a cross section showing one example of 
the pleat-foirming guide used in the present invention. Code 
9 represents a strip of filament nonwoven or a converged 
matter thereof; code 15 represents an external controlling 
guide; code 16 represents an internal controlling guide; and 
code 19 represents the pleat-forming guide. 
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Fig. 13 is an explanatory drawing showing one 
example of a cross-sectional form of a pleated matter having 
non-parallel pleats. 

Fig. 14 is an explanatory drawing showing one 
5 example of a cross-sectional form of pleated matter having 

parallel pleats. 

Fig. 15 is an explanatory drawing showing a 
locational relation between a pleat-forming guide, a narrow 
S rectangular hole and a small hole. Code 17 represents the 
10^= small hole; code 20 represents the comb-shaped pleat- forming 
guide; and code 21 represents the narrow rectangular hole. 
-= Fig. 16 is a partial cut-out perspective drawing 

showing one example of the strip of filament nonwoven- 
j--; converged matter according to the present invention. Code 4 
1^- represents the strip of filament nonwoven-converged matter, 
N= and code 22 represents an oval figure of a minimum area 
involving a strip of filament nonwoven-converged matter. 

Fig. 17 is a perspective drawing of the filter 
cartridge according to the present invention. Code 1 
2 0 represents a first filtration layer; code 3 represents the 

filter cartridge; code 4 represents a strip of filament 
nonwoven-converged matter; code 26 represents a perforated 
cylinder; and code 27 represents a perforated sheet. 

Fig. 18 is a perspective drawing of the filter 
25 cartridge according to the present invention. Code 1 

represents a first filtration layer; code 3 represents the 
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filter cartridge; code 4 represents a strip of filament 
nonwoven-converged matter; code 26 represents a perforated 
cylinder; code 27 represents a perforated sheet; code 29 
represents a filtration layer wound in a twill form; and 
5 code 29 represents a perforated sheet. 

Fig. 19 is a perspective drawing of the filter 
cartridge according to the present invention. Code 1 
represents a first filtration layer; code 3 represents the 
'J filter cartridge; code 4 represents a strip of filament 
IQx nonwoven-converged matter; code 26 represents a perforated 
cylinder; and code 30 represents a perforated sheet 
=0 subjected to wrinkling processing. 

S Fig. 20 is a perspective drawing of the filter 

?V cartridge according to the present invention. Code 1 
15^ represents a first filtration layer; code 3 represents the 
filter cartridge; code 4 represents a strip of filament 
nonwoven-converged matter; and code 31 represents a 
cylindrical molded article. 

Fig. 21 is a drawing for explaining an apertural 
20 state of a strip of nonwoven having an aperture part, and a 

part marked by O represents an aperture part. Code 1 
represents the strip of nonwoven having an aperture part, 
and code 2 represents the aperture part. 

Fig. 22 is a drawing for explaining an apertural 
25 state of a strip of nonwoven having an aperture part, and 

parts marked by O and A represent aperture parts. Code 1 
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represents the strip of nonwoven having an aperture part, 
and code 2 represents the aperture part. 

Fig. 23 is a perspective drawing for explaining an 
example of a state in which pleats are formed in a strip of 
nonwoven having an aperture part. Code 2 represents the 
aperture part, and code 3 represents a converged matter of 
an aperture part-containing strip of nonwoven or a pleated 
matter . 

Fig. 24 is an enlarged section of the end part of 
a filter cartridge in which an end part is fused. Code 2 
represents a perforated cylinder; code 3 represents a 
converged strip of nonwoven; code 4 represents a fused end 
part; and code 7 represents the converged strip of nonwoven 
bonded to the fused end part. 

Fig. 25 is a partial cut-out perspective drawing 
of a filter cartridge in which an end part is fused. Code 1 
represents the filter cartridge; code 2 represents a 
perforated cylinder; code 3 represents a converged strip of 
nonwoven; code 4 represents a fused end part; and code 5 
represents a yarn space. 

Fig. 26 is an enlarged section of an end part of a 
bobbin winder type filter cartridge using spun yarns. Code 
2 represents a perforated cylinder, and code 8 represents a 
spun yarn. 

Fig. 27 is an enlarged section of an end part of a 
bobbin winder type filter cartridge using spun yarns in 
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which end parts are fused. Code 2 represents a perforated 
cylinder; code 8 represents a spun yarn; and code 9 
represents a fused end part of the bobbin winder type filter 
cartridge using spun yarns. 

Fig. 28 is an explanatory drawing showing an 
appearance of the filter cartridge of the present invention 
which is fused up to a side face periphery. Code 1 
represents the filter cartridge; code 2 represents a 
perforated cylinder; code 4 represents a fused end part; 
code 5 represents a yarn space; and code 6 represents the 
fused part in the side face periphery. 

Fig. 29 is a partial cut-out perspective drawing 
of the filter cartridge of the present invention which is 
fused up to a side face periphery. Code 1 represents the 
filter cartridge; code 2 represents a perforated cylinder; 
code 3 represents a converged strip of nonwoven; code 4 
represents a fused end part; code 5 represents a yarn space; 
and code 6 represents the fused part in the side face 
periphery. 

Fig. 30 is an enlarged section of an end part of 
the filter cartridge of the present invention which is fused 
up to a side face periphery. Code 2 represents a perforated 
cylinder; code 3 represents a converged strip of nonwoven; 
code 4 represents a fused end part; code 6 represents the 
fused part in the side face periphery; and code 7 represents 
the converged strip of nonwoven bonded to the fused end part. 
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Fig. 31 is a drawing showing an example of the 
tongue section part of a strip of nonwoven having a tongue 
section part used in the present invention. Code 1 
represents a nonwoven having a tongue section part; code 2 
represents a cut (including a case where it is formed by 
removing the nonwoven); code 3 represents a tongue section 
part; and code 4 represents an edge of a strip of nonwoven. 

Fig. 32 is a drawing showing an example of the 
tongue section part of a strip of nonwoven having a tongue 
section part used in the present invention. Code 1 
represents a nonwoven having a tongue section part; code 2 
represents a cut (including a case where it is formed by 
removing the nonwoven); code 3 represents a tongue section 
part; and code 4 represents an edge of a strip of nonwoven. 

Fig. 33 is a drawing showing an area of the tongue 
section part shown in Fig. 31. Code 1 represents a nonwoven 
having a tongue section part; code 2 represents a cut 
(including a case where it is formed by removing the 
nonwoven); code 3 represents a tongue section part; and code 
4 represents an edge of the strip of nonwoven. 

Fig. 34 is a drawing showing an area of the tongue 
section part shown in Fig. 32. Code 1 represents a nonwoven 
having a tongue section part; code 2 represents a cut 
(including a case where it is formed by removing the 
nonwoven); code 3 represents a tongue section part; and code 
4 represents an edge of the strip of nonwoven. 



Fig. 3 5 is an explanatory drawing showing a state 
in which two or more strip of filament nonwovens are wound 
as they are without processing. Code 1 represents a strip 
of filament nonwoven or a converged matter thereof; code 2 
represents a traverse guide; code 3 represents a bobbin; 
code 4 represents a perforated cylinder; and code 5 
represents a filter cartridge. 

Fig. 36 is an explanatory drawing showing a state 
in which two or more strip of filament nonwovens are wound 
while twisting. Code 1 represents a strip of filament 
nonwoven or a converged matter thereof; code 2 represents a 
traverse guide; code 3 represents a bobbin; code 4 
represents a perforated cylinder; and code 5 represents a 
filter cartridge. 

Best Mode for Carrying Out the Invention 

The embodiment of the present invention shall 
specifically be explained below. 

The strip of nonwoven used in the present 
invention is a staple nonwoven or a filament nonwoven. 
Among them, preferred one is the filament nonwoven, 
particularly a nonwoven obtained by a spun-laying method. 
The spun-laying method is a nonwoven production technique in 
which thermoplastic fibers discharged from a nozzle are 
sucked and drawn by an air gun, spread on a conveyor and 
then thermally bonded. A fiber direction of the filament 
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nonwoven obtained by the spun-laying method is aligned to a 
machine direction as shown in Fig. 2, so that a hole formed 
by fibers 13 becomes long and narrow, and the maximum 
passing particle diameter 14 becomes small. In contrast 
with this, in the case of a nonwoven comprising staple 
fibers obtained by a carding method, the fiber direction is 
not fixed as shown in Fig. 3, so that the hole formed by the 
fibers 15 has a shape close to a circle or a square, and 
even if it has the same aperture rate as that of the 
filament nonwoven produced by the spun-laying method, the 
maximum passing particle diameter 14 becomes large. A water 
permeability of a filter material is almost decided by an 
aperture rate if a fiber diameter is the same, and therefore 
use of the filament nonwoven produced by the spun-laying 
method provides a filter having an excellent water 
permeability. This effect is reduced when used is a binder 
such as an adhesive which blocks the holes of the filter 
material, so that a cellulose spun-laid nonwoven is not 
preferably used. Further, use of the cellulose spun-laid 
nonwoven weakens a strength of the nonwoven, and therefore 
involved is the problem that when the filtering pressure is 
elevated due to clogging of the filter, the holes formed by 
the fibers are liable to be deformed. 

Accordingly, the present inventors have researched 
characteristics of a lot of nonwovens including a filament 
nonwoven, and as a result thereof, they have found that 
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clouds on a nonwoven are liable to be produced in a machine 
lateral direction but relatively reduced in a flow direction 
of the nonwoven. The inventors have further considered the 
results thereof and found that if a wide nonwoven is cut 
5 into strips of 0.5 cm to several cm, clouds of the nonwoven 

become negligibly small in a range of a width of each strip. 
In the process of the present invention described later, it 
is possible to change filter performances as well by means 
i of a molding method of a filter material, and therefore if 
10=: the molding conditions are adjusted with considering the 
balance of the whole physical properties of a strip of 
nonwoven, clouds in the resulting filter almost disappear. 
- This makes it possible to improve the productivity to a 
£ large extent. 

When a wide filament nonwoven is slit into a strip 
M= of filament nonwoven, the width thereof is different 

depending on a mass per unit area of the nonwoven used and 
is preferably 0.5 cm or more. If this width is less than 
0.5 cm, the nonwoven is likely to be cut in slitting, and it 
20 becomes difficult to control the tension in winding the 

strip of nonwoven in a twill form at a later stage- Further, 
when producing a filter having the same void rate, the 
winding time is prolonged, and the productivity is reduced. 
On the other hand, an upper limit of the slit width is 
25 varied according to the mass per unit area, and a value of 

the slit width (cm) X mass per unit area (g/m^) is 



preferably 200 or less. if the mass per unit area is 20 
g/m^, for example, the upper limit of the width is 10 cm. 
If this value is larger than 200, the nonwoven is increased 
in rigidity too much, so that it becomes difficult to wind 
it on a perforated cylinder in a twill form later. Further, 
the fiber amount grows too large, so that it becomes 
difficult to wind densely the nonwoven. Also when the 
spinning width is controlled to produce directly a strip of 
nonwoven, the preferred ranges of the mass per unit area and 
the nonwoven width are the same as those in the case where 
the splits are prepared by slitting. In general, the strip 
of nonwoven has preferably a width of 0.5 to 20 cm, more 
preferably 1 to 10 cm. 

A mass per unit area of the strip of nonwoven is 
preferably 5 to 200 q/tc? , if this value is smaller than 5 
g/m^, the fiber amount is reduced, and therefore cloud in 
the nonwoven is increased or the strength of the nonwoven is 
reduced or it becomes difficult in a certain case to 
thermally bond the fiber intersections. On the other hand, 
if this value is larger than 200 g/m^, the strip of nonwoven 
is increased in rigidity too much, so that processing such 
as winding in a twill form later becomes difficult. 

The perforated cylinder used in the present 
invention is a part represented by code 2 which functions as 
a core material for a filter cartridge shown in Fig. 4, and 
a material and a shape thereof shall not specifically be 
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restricted as long as it has a strength which can stand an 
external pressure in filtering and a pressure loss is not 
notably high. It may be, for example, an injection-molded 
article prepared by processing polyethylene or polypropylene 
5 into a net type cylinder as is the case with a core material 

used for conventional filter cartridges, or it may be an 
article obtained by processing ceramics or stainless steel 
in the same manner. Alternatively, other filter cartridges 
such as a filter cartridge subjected to pleat-folding 
10" processing and a filter cartridge of a nonwoven-winding type 
2 may be used as the perforated cylinder. 

} Next, a method for winding the strip of nonwoven 

^ around a perforated cylinder shall be explained. One 
Z" example of the production process thereof is shown in Fig. 5. 
1%_ A winder used for a conventional bobbin winder type filter 
^- cartridge can be used for the winder. A perforated cylinder 
2 having a diameter of about 10 to 40 mm and a length of 100 
to 1000 mm is installed in a bobbin 11 of this winder, and a 
strip of nonwoven 3 which is converged passing through a 
2 0 yarn passage and a hole of a traverse guide 12 in the winder 

is wound around the perforated cylinder by one to two rounds. 
The perforated cylinder may be bonded to an end part of the 
strip of nonwoven by thermal bonding in order to accurately 
carry out winding. The yarn passage of the winder is swung 
25 in a twill form by means of the traverse guide 12 disposed 

parallel to the bobbin, so that the strip of nonwoven is 



swung in a twill form and wound around the perforated 
cylinder by rotation of the bobbin. A diameter of a hole 
disposed in the traverse guide 12 depends on a mass per unit 
area and a width of the strip of nonwoven used and falls 
preferably in a range of3tol0mm. If this diameter is 
smaller than 3 mm, friction between the strip of nonwoven 
and the hole grows large, so that the winding tension 
becomes too high. On the other hand, if this value is 
larger than 10 mm, a converged size of the strip of nonwoven 
is not stabilized. 

The winding conditions of the strip of nonwoven 
can be set up according to those in producing a conventional 
bobbin winder type filter cartridge. The bobbin initial 
speed is set to, for example, 1000 to 2000 rpm, and the 
delivering speed is controlled to wind the nonwoven while 
applying a suitable tension. A void rate of the filter 
cartridge can be changed by the tension applied in this case. 
The tension applied in winding is controlled to densify the 
void rate in an inside of the filter cartridge, and the 
nonwoven is wound on an intermediate layer and an external 
layer while gradually reducing the tension, whereby a 
density gradient type filter cartridge whose void rate is 
varied in each of the filtration layers can be obtained as 
well. In particular, when a strip of nonwoven having 
aperture parts is turned into a pleated matter and then 
wound around a perforated cylinder, capable of being 
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provided is a filter cartridge having an ideal filtering 
structure by deep layer filtration brought about by a 
difference in rough and dense structures formed in the 
external layer, the intermediate layer and the internal 
5 layer in combination with an increase in a filter area 

brought about by the pleated matter. Further, the filtering 
accuracy can be changed as well by controlling a ratio of a 
traversing speed of the traverse guide to a rotating speed 
C= of the bobbin to change the winding pattern. A method used 
1Q..J in a conventional bobbin winder type filter cartridge can be 
.-^ used for a patterning method thereof, and when a length of 
=C the filter is fixed, the pattern thereof can be shown by the 
3 winding number. The winding number means a rotating number 
fl of the bobbin 11 counted while the traverse guide moves from 
1^ one end of the bobbin 11 to the other end thereof. When a 
space between a certain yarn (the strip of nonwoven in the 
case of the present invention) and a yarn wound on a layer 
immediately thereunder is broad, the filtering accuracy is 
roughened. On the contrary, when it is narrow, the 
20 filtering accuracy becomes fine. By these methods, the 

strip of nonwoven is wound to a diameter of 1.5 to 3 times 
as large as the major diameter of the perforated cylinder 2 
to obtain a shape of filter cartridge. This may be used for 
the filter cartridge as it is, or an adhesive property of 
25 the end face to a housing may be improved by sticking a 
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gasket of foamed polyethylene having a thickness of 3 mm on 
the end face. 

In the present invention, a filtration layer in 
the cylindrical filter has a void rate falling preferably in 
a range of 65 to 90%. If the void rate described above is 
smaller than 65%, the fiber density becomes too high, so 
that the liquid permeability is reduced. If the void rate 
described above is larger than 90 %, the strength of the 
cylindrical filter is reduced, and when a filtering pressure 
is high, a problem of deformation is caused. A method for 
controlling the void rate described above includes 
controlling of a tension applied when winding the strip of 
nonwoven around the perforated cylinder and controlling of a 
space between the pleat- forming guides. 

All thermoplastic resins capable of being melt- 
spun can be used for the thermoplastic fiber constituting 
the strip of nonwoven used in the present invention. 
Examples thereof capable of being presented are 
thermoplastic resins including polyolefin resins such as 
polypropylene, low density polyethylene, high density 
polyethylene, linear low density polyethylene and 
copolymerized polypropylene (for example, binary or multi- 
components copolymers comprising propylene as a primary 
component with ethylene, butene-1, 4-methylpentene-l and the 
like); polyester resins such as polyethylene terephthalate, 
polybutylene terephthalate and low melting point polyesters 
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thereof prepared by copolymer izing isophthalic acid added as 
an acid component in addition to terephthalic acid; 
polyamide resins such as nylon 6 and nylon 66; polystyrene 
resins such as atactic polystyrene and syndiotactic 
5 polystyrene, polyurethane elastomers, polyester elastomers 

and polytetrafluoroethylene. Further, functional resins can 
be used as well, wherein biodegradable resins such as lactic 
acid polyester are used to provide a filter cartridge with 
biodegradability. Further, when such resin as polyolefin or 
Iffi polystyrene polymerized using metallocene catalysts are used 
1^ for the nonwoven of the cartridge filter in the present 
,n invention, the obtained nonwoven has an improved strength 
p and improved chemical resistance, and further, the 
m production energy of the cartridge filter can be reduced, 
1^ and therefore it is preferred. Also, these resins may be 

used as well in mixed with other resins in order to control 
a heat adhesive property and a rigidity of the nonwoven. 
When a filter cartridge is used for filtering an aqueous 
solution at a room temperature, polyolefin resins including 
2 0 polypropylene out of the above resins are preferably used 

from the viewpoints of chemical resistance and cost, when 
used for a solution of a relatively high temperature, 
polyester resins, polyamide resins or syndiotactic 
polystyrene resins are preferred. 
25 The thermoplastic fiber used in the present 

invention is preferably a thermally adherent composite fiber 



comprising a low melting point resin and a high melting 
point resin, of which difference in melting point is 10°C or 
more, preferably 15°C or more. Since only a part of a fiber 
melts during thermal bonding, the shape of the bonded point 
is smooth and the thermal bonding of the fiber intersections 
of the nonwoven can be carried out stably. When the 
resulting nonwoven is used for a filter cartridge, particles 
trapped in the vicinity of the fiber-bonded points are less 
likely to flow out when the filtering pressure and the water 
flow amount are elevated, and the filter cartridge is less 
deformed. Further, even if the fibers are deteriorated due 
to substances contained in a filtrate, probability of fiber 
falling is reduced, and the resin is less likely to be mixed 
in the filtrate due to breakage of the bonded points. 

The melting point difference does not specifically 
have an upper limit, and it corresponds to a temperature 
difference between a resin having the highest melting point 
and a resin having the lowest melting point among the 
thermoplastic resins capable of being melt-spun. In the 
case of a resin having no melting point, the flow-starting 
temperature is defined as the melting point. 

A combination of the low melting point resin and 
the high melting point resin in the thermally adherent 
composite fiber described above shall not specifically be 
restricted as long as they have a melting point difference 
of 10°c or more, preferably 15°C or more and includes linear 



low density polyethylene/polypropylene, high density 
polyethylene/polypropylene, low density 

polyethylene/polypropylene, copolymer of propylene with 
other a -olef in/polypropylene, linear low density 
polyethylene/high density polyethylene, low density 
polyethylene/high density polyethylene, any of 
polyethylenes /thermoplastic polyester , 
polypropylene/thermoplastic polyester, copolymer ized 
polyester /thermoplastic polyester, any of 

polyethylenes /nylon 6, polypropylene/nylon 6, nylon 6 /nylon 
66 and nylon 6 /thermoplastic polyester. Among them, a 
combination of linear low density polyethylene/polypropylene 
is preferably used since a rigidity and a void rate of the 
nonwoven can readily be controlled at a step of bonding 
fiber intersections in producing the nonwoven. When the 
filter cartridge is used for a solution of a relatively high 
temperature, a combination of low melting point polyester 
prepared by copolymerization of isophthalic acid added other 
than terephthalic acid as an acid component /polyethylene 
terephthalate can suitably be used as well. Further, two or 
more mixed resins may be used as either component or both 
components for the composite fiber. 

The strip of nonwoven used in the present 
invention comprises preferably at least 3 0% by weight of the 
thermoplastic resin. It is a matter of fact that the strip 
of nonwoven may comprise 100% by weight of the thermoplastic 
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resin. If the strip of nonwoven comprises less than 30% by 
weight of the thermoplastic resin, the strength of the 
nonwoven is reduced when thermal bonding is carried out by 
means of thermal compression bonding treatment or through- 
air heat treatment, and therefore the fibers are liable to 
fall in filtering and likely to be mixed in the filtrate. 
Fibers other than the thermoplastic fibers can be used for 
the strip of nonwoven as long as the object of the present 
invention is not damaged. Examples capable of being given 
as the fibers other than the thermoplastic fibers include 
rayon, cupra, cotton, hemp, pulp and carbon fiber. 

The filament nonwoven used for the strip of 
nonwoven in the present invention is a filament nonwoven 
obtained by a spun-laying method. The filament nonwoven 
which comprises a thermoplastic fiber and in which at least 
a part of fiber intersections is bonded does not contain low 
molecular weight components such as a fiber surface agent 
(for example, a surfactant) unlike a lot of staple nonwovens . 
Since it comprises long fibers, end parts of the fibers are 
limited, and the filter materials scarcely fall. 
Accordingly, use of this for a filter material largely 
reduces a possibility to contaminate a filtrate as compared 
with other materials. 

When the strip of nonwoven used in the present 
invention is a filament nonwoven, an average single yarn 
fineness thereof can not unconditionally be prescribed since 
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it is different according to uses of the filter cartridge 
and the kind of the resins, but it falls preferably in a 
range of 0.6 to 3000 dtex- The fineness exceeding 3 000 dtex 
provides no difference from a case where a nonwoven obtained 
5 merely by bundling continuous yarns is used, and therefore 

it becomes meaningless to use the filament nonwoven. Also, 
the nonwoven can obtain a satisfactory strength by raising 
the fineness to 0.6 dtex or more, and therefore this 
nonwoven can readily be processed into a pleated matter by a 

1&' method which shall be described later. Further, the 
2 resulting filter cartridge is preferably increased in 
i strength. If a fiber having a smaller fineness than 0.6 
dtex is spun by an existing spun-laying method, the 
productivity is reduced. 

Ifc When the fiber used for the strip of nonwoven is a 

staple fiber, a single yarn fineness thereof is different 
according to uses of the filter cartridge and the filtering 
accuracy required, and it falls suitably in a range of 0.01 
to 500 dtex. 

20 Examples of the nonwoven formed by the 

thermoplastic fibers may include filament nonwovens, staple 
nonwovens and in addition thereto, nonwovens prepared by 
mixing a filament nonwoven and a staple nonwoven and 
laminated nonwovens prepared by combining these nonwovens , 

25 and all of them can be used as a material for the filter 

cartridge of the present invention. 



Examples of the kinds of the nonwoven classified 
by production processes may include a spun-laid nonwoven, a 
melt blown nonwoven, a toe opened nonwoven, a wet-laid 
nonwoven, an air-laid nonwoven, a carded nonwoven and a high 
pressure hydroentangled nonwoven, and all of them can be 
used as a material for the filter cartridge of the present 
invention. However, among these nonwovens, a strip of melt 
blown nonwoven is preferred, and a strip of filament 
nonwoven is more preferred. Further, activated carbons, ion 
exchange resins and fungicides may be added to these 
nonwovens via a binder or by means of a thermal bonding 
method and a resin mixing method. 

The perforated cylinder used in the present 
invention functions as a core material for the filter 
cartridge, and a material and a form thereof shall not 
specifically be restricted as long as it has a strength 
durable to an external pressure in filtering and the 
pressure loss is not markedly high. It may be, for example, 
a perforated cylinder prepared by processing a thermoplastic 
resin such as polypropylene or may be a perforated cylinder 
prepared by processing ceramics and stainless steel in the 
same manner. Other usable ones are filter cartridges having 
a small major diameter such as a pleat type filter cartridge 
obtained by subjecting a filter material to pleat-folding 
processing and a filter cartridge obtained by winding a 
broad nonwoven. 



Examples of a bonding method of the fiber 
intersections in the nonwoven described above may include a 
method for carrying out thermal compression bonding by means 
of an apparatus such as a hot embossing roll and a heat flat 
calendar roll and a method in which a heat treating machine 
of a hot blast-circulating type, a hot through-air type, an 
infrared heater type or a vertical hot blast-blowing type is 
used to carry out thermal compression bonding. When the 
nonwoven described above is a thermally compressed nonwoven 
by means of a hot embossing roll, a thermal compression 
bonding area ratio in terms of a rate of a thermal 
compression bonding area to the whole area of the nonwoven 
is controlled preferably to 5 to 25%. A thermal compression 
bonding area ratio of less than 5% reduces a strength of the 
nonwoven. On the other hand, a thermal compression bonding 
area ratio of exceeding 25% reduces a liquid permeability 
and a filter life of the filter cartridge. The thermal 
compression bonding area ratio which is controlled to 5 to 
25% makes it possible to maintain a strength of the nonwoven 
and inhibit the rigidity from growing too large, or it 
facilitates to allow particles to pass through the filament 
nonwoven to some extent and makes it possible to extend the 
filter life by trapping the passed particles inside of the 
filter. 

The structural fibers for the nonwoven used in the 
present invention need not always have a circular cross 



section, and yarns having profiled cross sections can be 
used as well. In such case, more fine particles are trapped 
as the surface area of the filter becomes larger, and 
therefore a filter cartridge having a higher accuracy at the 
same liquid permeability than in the case where fibers 
having a circular cross section are used can be produced. 

If the nonwoven is provided with hydrophilicity by 
mixing a raw material resin for the nonwoven with a 
hydrophilic resin such as polyvinyl alcohol or subjecting 
the surface of the nonwoven to plasma treatment as long as 
the effects of the present invention are not damaged, the 
liquid permeability is elevated when used for an aqueous 
solution, and therefore such nonwoven filter as provided 
with hydrophilicity is preferred when filtering an aqueous 
solution. 

Further, when producing the nonwoven, granular 
activated carbon and ion exchange resins may be added as 
long as the effects of the present invention are not damaged. 
In such case, in order to fix granular activated carbon and 
ion exchange resins, they may be bonded by means of a 
suitable binder before or after processing the strip of 
filament nonwoven into a converged or pleated matter. 
Instead, after adding granular activated carbon and ion 
exchange resins to the nonwoven, they may be heated so as to 
thermally bond to the structural fibers of the nonwoven. 

The first invention of the present invention 



described above shall specifically be explained firstly. 

A first embodiment of the filter cartridge of the 
present invention is a filter cartridge comprising at least 
two layers comprising a first filtration layer prepared by 
winding a strip of filament nonwoven comprising a 
thermoplastic fiber obtained by bonding at least a part of 
fiber intersections in a twill form so as to make a 
cylindrical form and a second filtration layer in which an 
initial 80% trapped particle diameter is 0.05 to 0.9 time as 
large as an initial 80% trapped particle diameter in the 
first filtration layer. The second filtration layer is 
positioned in a downstream side (a side closer to a 
filtrate) than the first filtration layer. Shown in Fig. 6 
is an example of the case where a fluid is allowed to flow 
from an outside of a cylinder to an inside thereof, and the 
first filtration layer 1 is positioned in a peripheral side 
of the second filtration layer 2. If the second filtration 
layer has a weak compressive strength, a perforated core may 
be provided in order to maintain the strength, or it is a 
matter of course that a three layer structure in which a 
third filtration layer is provided or a multilayer structure 
of three or more layers may be employed as long as the 
effects of the present invention are not damaged. When 
employing a structure of three or more layers, a layer 
having a purpose other than trapping particles such as an 
activated carbon layer may be provided, or an initial 80% 
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trapped particle diameter in the third filtration layer may 
be controlled to 0.05 to 0.9 time as large as an initial 
80 % trapped particle diameter in the second filtration 
layer to try to extend further the filter life. 
5 In this case, the initial 80% trapped particle 

diameter shall be explained. An initial 80% trapped 
particle diameter in some filter is a particle diameter in 
which a particle trapping efficiency in the particle 
G diameter is just 80%. A method for determining it includes 

& various methods , and it is said that a method described in 

Si ASTM F795-88 is a reliable method. An outline thereof is 

ry that a filter is installed in a circulating type filter 

3^ performance tester and a liquid (a liquid before filtering) 

in which a cake such as an AC fine test dust is suspended is 
IB allowed to pass through the filter by means of a pump to 

obtain a filtrate and that the liquid before filtering and 
the filtrate are diluted at prescribed magnifications and 
then the numbers of the particles contained in the 
respective liquids are measured by means of a light- 
2 0 shielding type particle detector to calculate the initial 

trapping efficiencies in the respective particle diameters. 
In the present specification, the initial 80% trapped 
particle diameter is defined by a particle diameter in which 
a trapping efficiency shows 80% when interpolating the value 
25 thereof in the relation of particle diameter and the 

trapping efficiency. In many cases, an initial trapped 



efficiency monotonously increases as the particle diameter 
increases, and in such cases, the initial 80% trapped 
particle diameter is unconditionally determined in each 
filter. In rare cases, an initial trapping efficiency curve 
does not monotonously increase, and two or more particle 
diameters are present for which a particle trapping 
efficiency is just 80%. In such cases, however, the 
smallest particle diameter out of them is designated as the 
80% trapped particle diameter in the filter. 

The filter cartridge of the present invention has 
a structure comprising the first filtration layer and the 
second filtration layer, and therefore it is difficult to 
determine the initial 80% trapped particle diameters in the 
respective layers while maintaining the shape of the filter 
cartridge. Accordingly, it is determined by the following 
two methods . 

The first method is a method in which the first 
filtration layer and the second filtration layer each are 
separately produced. This method can be used only when 
production conditions of the respective layers are known. 
If the shape cannot be maintained only by the respective 
layers, it is recommendable to use a suitable dummy, for 
example, a perforated plastic molded article having a void. 

The second method is a method in which measured 
data are analyzed to determine the trapping efficiency. 
This method is recommendable when production conditions of 
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the respective layers are unknown. First, trapping 
efficiencies of the filter cartridge in the respective 
particle diameters are measured. Next, the first filtration 
layer is removed from the filter cartridge to allow only the 
5 second filtration layer to be present. A relation between 

the trapping efficiencies in the first filtration layer, the 
second filtration layer and the filter cartridge is shown by 
the following equation: 
(1 - trapping efficiency of filter cartridge) = 
iM (1 - trapping efficiency of first filtration layer) X 

^ (1 - trapping efficiency of second filtration layer) 

Accordingly, if the trapping efficiencies of the 
1,,, filter cartridge and the second filtration layer are 

determined, a trapping efficiency of the first filtration 
iM layer can analytically be determined. It shall be apparent 

^ that application of this method makes it possible to 

determine the trapping efficiency as well in the case of 
three or more layers. The trapping efficiencies in the 
respective particle diameters in the respective layers are 
20 calculated by this method to interpolate the values thereof, 

whereby the initial 80% trapped particle diameters can be 
calculated. If it is difficult to remove the first 
filtration layer, the trapping efficiencies can be 
determined as well in the same manner by removing the second 
25 filtration layer to carry out measurement. 

As shown in Fig. 7, a filament nonwoven produced 
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by a method using a hot embossing roll has a part where 
strong thermal compression bonding is applied by an 
embossing pattern (5) and a part where only weak thermal 
compression bonding due to deviation from the embossing 

5 pattern is applied (6). This makes it possible to trap a 

lot of particles 7, 8 in the part 5 where strong thermal 
compression bonding is present. On the other hand, a part 
of the particles is trapped in the part 6 where only weak 

y thermal compression bonding is present, but the residual 

particles pass through the filament nonwoven and can be 

72 moved to the subsequent layer. Accordingly, a deep layer 

\= filtering structure making use of an inside of a filter 

^ material can be preferably obtained. 

~; After processing the nonwoven into the form of a 

ij filter cartridge by a method shown later, the fiber 

intersections may be thermally bonded by means of an 
infrared ray or steam treatment, or the fiber intersections 
can be chemically bonded by means of an adhesive such as an 
epoxy resin, but the aperture rate is reduced as compared 
2 0 with a case where they are thermally bonded, so that the 

liquid permeability is lowered in a certain case. 

The filament nonwoven used in the present 
invention is usually a spun-laid nonwoven. This may be 
turned into a strip of filament nonwoven by the method which 
25 has already been described and processed by a method which 

shall be described later, and it is then wound around the 



second filtration layer (details of the second filtration 
layer shall be described later) in a twill form, or it may 
be wound as it is without processing. One example of the 
production process in this case is shown in Fig. 8. A 
winder used for a conventional bobbin winder type filter 
cartridge can be used for the winding machine. Filters 
having various shapes can be obtained depending on the 
shapes of the winders, and they are usually cylindrical. A 
strip of filament nonwoven 9 fed passes through a traverse 
guide 10 of a narrow hole which moves while traversing and 
then is wound around a second filtration layer 2 mounted on 
a bobbin 11 to become a filter cartridge 12. The filter 
cartridge produced by this process becomes very dense, and 
therefore the filter cartridge having a fine accuracy is 
obtained. However, it is difficult in this process to 
change the production conditions to control the filtering 
accuracy. 

On the other hand, the strip of filament nonwoven 
can be wound after twisted. One example of the production 
process in this case is shown in Fig. 9. Also in this case, 
a winder used for a conventional bobbin winder type filter 
cartridge can be used for the winding machine. The nonwoven 
becomes apparently thick by twisting, and therefore a 
traverse guide 13 preferably has a larger hole diameter than 
that in the case of Fig. 8. If a nonwoven is twisted, an 
apparent void rate of the nonwoven can be changed according 
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to a twisting number per unit length or a twisting strength, 
so that the filtering accuracy can be controlled. The 
twisting number in this case falls preferably in a range of 
50 to 1000 rounds per meter of the strip of filament 
5 nonwoven- If this value is smaller than 50 rounds, the 

twisting effect is scarcely obtained. On the other hand, if 
this value exceeds 1000 rounds, the resulting filter 
cartridge has a rough liquid permeability. Accordingly, 
O both are not preferred. 

IS It is more preferred to converge the strip of 

yj 

M filament nonwoven described above by a suitable method and 

iU then wind it around a perforated cylinder. In the method 

described above, the strip of nonwoven may be passed merely 
Ci through a small hole to be converged. Otherwise, the strip 

13 of filament nonwoven may be pre-molded into one having a 
M certain cross-sectional form by means of a suitable pleat- 

forming guide and then passed through a small hole to be 
processed into a pleated matter. Use of this method makes 
it possible to control a ratio of a traversing speed of the 
2 0 traverse guide to a rotating speed of the bobbin to change 

the winding pattern, and therefore filter cartridges having 
various performances can be produced from the same kind of 
the strip of filament nonwoven. 

As a method for converging the strip of filament 
25 nonwoven, one example of a production process in which the 

nonwoven is passed merely through a small hole is shown in 



Fig. 5. Also in this case, a winder used for a conventional 
bobbin winder type filter cartridge can be used for the 
winding machine. In Fig. 5, the hole of a traverse guide 12 
is turned into a small hole to thereby converge the strip of 
filament nonwoven, but a guide of a small hole may be 
disposed at a yarn passage on the front side of the traverse 
guide 12. A diameter of the small hole depends on a mass 
per unit area and a width of the strip of filament nonwoven 
used and falls preferably in a range of 3 to 10 mm. If this 
diameter is smaller than 3 mm, a friction between the strip 
of filament nonwoven and the small hole is increased, so 
that the winding tension becomes too high. On the other 
hand, if this value is larger than 10 mm, a converging size 
of the strip of filament nonwoven is not stabilized. 

Next, shown in Fig. 10 is a partial cut-out 
perspective drawing of one example of a production process 
in which the strip of filament nonwoven is pre-molded into 
one having a certain cross-sectional form by means of a 
pleat-forming guide and then passed through a small hole to 
be processed into a pleated matter. Also in this case, a 
winder used for a conventional bobbin winder type filter 
cartridge can be used for the winding machine. When 
employing this process, a strip of filament nonwoven 9 is 
pre-molded into one having a certain cross-sectional form 
through a pleat-f oinning guide 19, and then the strip of 
filament nonwoven is passed through a small hole 17 to be 
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turned into a pleated matter 18. The pleated matter 18 is 
drawn toward a direction of A to be passed through a 
traverse guide and wound around the second filtration layer, 
whereby a filter cartridge is prepared. 
5 Next, the pleat-forming guide described above 

shall be explained. Usually, the pleat-forming guide is 
prepared by subjecting the surface of a processed round bar 
having a major diameter of 3 to 10 mm to fluororesin 

5 finishing in order to prevent friction with a nonwoven. 

IM Examples of the form thereof are shown in Figs. 11 and 12. 

i2 In the examples given above, the pleat-forming guide 19 

comprises an external controlling guide 15 and an internal 

^ controlling guide 16. The form of this pleat-forming guide 

51 19 shall not specifically be restricted and is preferably a 

form in which the nonwoven is converged so that pleats in 

^" the cross-sectional form of the pleated matter produced 

through this guide are not parallel. Examples of the cross- 
sectional form of the pleated matter thus produced are shown 
in Fig. 13 (A), (B) and (C) but shall not be restricted to 

20 them. In these embodiments of the present invention, the 

most preferred embodiment is the pleated matter which is 
formed by converging so that at least a part of the pleats 
is non-parallel. That is, when a part of the pleats is non- 
parallel as is the case with the cross-sectional forms shown 

25 in Fig. 13, the pleated matter keeps a strong form-holding 

power even when a filtering pressure is applied from a 
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vertical direction as shown by an arrow as compared with a 
case where almost all of the pleats are parallel as shown in 
Fig. 14 (A) and (B) . Therefore, the filtering performance 
of the original pleated form can be maintained. That is, in 
5 the case where the pleats are non-parallel, the ability to 

control a pressure loss of the filter cartridge is excellent 
as compared with the case where the pleats are parallel, and 
therefore the pleats in the pleated matter are particularly 
y preferably non-parallel. The guide does not necessarily 
1^ have to be only one, and if several guides having different 

forms and sizes are arranged in series to thereby gradually 
change a cross-sectional form of the strip of filament 
jL nonwoven, a cross-sectional form of the pleated matter is 

|^f3 gradually varied, so that unevenness in the quality is 

1^ removed. Accordingly, it is preferred, 

H= In the present invention, when the strip of 

filament nonwoven is turned into the pleated matter and then 
wound around the second filtration layer, a final pleat 
number of the pleated matter is 4 to 50 pleats, more 
20 preferably 7 to 45 pleats. If the pleat number is less than 

4 pleats , the effect given by expanding a filtering area by 
providing the pleats is poor. On the other hand, if the 
pleat number exceeds 50 pleats, the pleats become too small 
to make the production, and the filtering performance is 
25 liable to be reduced. 
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A comb-shaped pleat-forming guide 20 as shown in, 
for example. Fig. 15 is used to provide the filament 
nonwoven with many pleats, and then the nonwoven is passed 
through a narrower rectangular hole 21, whereby it is 
5 deformed so that more pleats are provided, and the pleats 

can be non-parallel at random. 

The pleated matter 18 obtained after passing 
through the small hole 17 described above can be subjected 
iO to heating processing by means of hot air-through or an 

W infrared heater to thereby fix the cross-sectional form of 

M the pleated matter. This step is not necessarily required, 

m 

^ but when the cross-sectional form of the pleated matter is 

Q complicated or the strip of filament nonwoven having a high 

m rigidity is used, the cross -sectional form is broken and 

S deviated from the designed form in a certain case, and 

therefore such heating processing is preferably provided. 

Next, a void rate of the converged strip of 
filament nonwoven or the pleated matter used in the present 
invention (hereinafter called altogether a strip of filament 
20 nonwoven-converged matter) shall be explained. First, a 

cross-sectional area of the strip of filament nonwoven- 
converged matter is defined, as shown in Fig. 16, by an area 
of an oval figure 22 (the oval figure means a polygon in 
which all the respective internal angles fall within 180 
25 degrees) of a minimum area containing a strip of filament 

nonwoven-converged matter 4 . The strip of filament 



nonwoven-converged matter is cut to a suited length, for 
example, a length of 100 times as large as the square root 
of the cross-sectional area to define a void rate of the 
strip of filament nonwoven-converged matter as described 
later. 

The void rate of the strip of filament nonwoven- 
converged matter thus defined is preferably 60 to 95%, more 
preferably 85 to 92%. If this value is controlled to 60% or 
more, the strip of filament nonwoven-converged matter is 
inhibited from becoming denser than necessary. When it is 
used for a filter cartridge, the pressure loss can be 
sufficiently reduced or the particle trapping efficiency of 
the strip of filament nonwoven-converged matter can be 
improved additionally. Further, if this value is controlled 
to 95% or less, the converged matter can be wound easily in 
the later process and the deformation of the filter caused 
by loaded pressure can be reduced when it is used for a 
filter cartridge. An example of a method for controlling 
this includes controlling of the winding tension and 
adjusting the guide form of the pleat-forming guide. 

Next, the strip of filament nonwoven-converged 
matter produced by the process described above does not 
necessarily have to be produced by a continuous process if a 
measure is taken so that the cross-sectional form is not 
broken, and it may be once wound around a suitable bobbin 
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and then wound by means of a winder. The strip of filament 
nonwoven was wound by the method described above. 

The first filtration layer thus obtained has a 
void rate falling preferably in a range of 65 to 90%. If 
5 this value is smaller than 65%, the fiber density becomes 

too high, so that the liquid permeability is reduced. On 
the contrary, if this value exceeds 90%, the filter 
cartridge is reduced in strength, and when a filtering 
pressure is high, the problem that the filter cartridge is 
1^ deformed is liable to be caused. 

u In the present invention, the resulting cartridge 

filter can be improved in a liquid permeability by providing 
the strip of filament nonwoven with cut lines or drilling 

£; holes through it. In this case, the number of the cut lines 

1^ is preferably 5 to 100 lines per 10 cm of the strip of 

filament nonwoven, and when drilling holes, a proportion of 
the aperture part area is set preferably to 10 to 80%. The 
filtering performance can be controlled by winding plural 
sheets of the strip of filament nonwoven or winding it in 

20 combination with other yarns such as a spun yarn. 

Next, the second filtration layer used in the 
present invention shall be explained. 

Multilayer filters produced by conventional 
techniques have had a problem on a layer in an upper stream 

25 side thereof (corresponding to the first filtration layer in 

the present invention) , and therefore there have been 



problems on accuracy stability and a filter life, or fallen 
filter materials and other particles have been mixed in a 
filtrate. In the present invention, the problems described 
above have been solved, as described above, by taking a 
measure for the first filtration layer, and therefore the 
second filtration layer has basically no problems as long as 
it is a filter having a higher accuracy than that of the 
first filtration layer. An initial 80% trapped particle 
diameter in the second filtration layer falls preferably in 
a range of 0.05 to 0.9 time as large as an initial 80 % 
trapped particle diameter in the first filtration layer. If 
this value is less than 0.05, too much difference is present 
between trapping capacities in the first filtration layer 
and the second filtration layer, and therefore almost all 
particles are not trapped on the first filtration layer and 
are likely to bring about clogging on the surface of the 
second filtration layer, so that it is not preferred. On 
the contrary, if this value exceeds 0.9 time, too small 
difference is present between the trapping capacities in the 
first filtration layer and the second filtration layer, and 
therefore it is almost meaningless to divide the filter into 
plural layers. An optimum value thereof depends on particle 
size distribution in a liquid before filtering and therefore 
can not unconditionally be determined. In general, this 
value is preferably reduced when particles having various 
sizes are contained in the liquid before filtering. On the 



contrary, this value is preferably elevated when particles 
having a relatively uniform size are contained in the liquid 
before filtering. Examples of a filtration layer which is 
useful as the second filtration layer shall be given below. 

A filtration layer prepared by winding a 
perforated sheet around a perforated cylinder in a layer 
form can be used as one of the filtration layers which are 
useful as the second filtration layer. The perforated sheet 
includes nonwovens, woven fabrics, membrane sheets, filter 
papers and wire gauzes. The structure of this filter is 
shown in Fig. 17. A perforated plastic core prepared by 
injection molding and a metal worked article of stainless 
steel can be used for a perforated cylinder 26, but it shall 
not specifically be restricted as long as it has a strength 
which can stand a filtering pressure. A perforated sheet 27 
does not have a problem as long as it is wound in a layer 
form to achieve the initial 80% trapped particle diameter, 
and a publicly known method, for example, if a melt blown 
nonwoven is used, a method described in JP-A 10-174822 can 
be applied for determining a mass per unit area and a fiber 
diameter thereof. If the perforated sheet is wound directly 
around the perforated cylinder, a surface area of the 
perforated sheet is reduced, and therefore allowed to be 
employed is a three layer structure in which a third 
filtration layer having the same structure as that of the 
first filtration layer is provided around the perforated 
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cylinder in a size of 5 to 20% of a major diameter of the 
whole filter cartridge. Winding in a layer form increases 
man-hour in a certain case depending on a production process, 
and therefore a cylinder which is molded in advance from a 
5 nonwoven may be merely put on a core. Further, two or more 

kinds of nonwovens having different fiber diameters and void 
rates may be wound by stages as long as the effects of the 
present invention are not damaged. 
^ One of other useful second filtration layers 

W includes a layer having a structure shown in Fig. 18. That 

is, capable of being used is a layer having a two layer 

ni 

structure comprising a filtration layer 28 prepared by 
O winding a strip of filament nonwoven comprising a 

fll thermoplastic fiber obtained by bonding at least a part of 

Q fiber intersections in a twill form around a perforated 

cylinder 26 and a filtration layer 29 prepared by 
continuously winding the strip of filament nonwoven from the 
filtration layer 28 while winding a perforated sheet 27 in a 
layer form. This is apparently similar to the preceding 
20 filter shown in Fig. 17, but there is a difference that only 

the perforated sheet is wound in the second filtration layer 
27 shown in Fig. 17, and in contrast with this, the strip of 
filament nonwoven is interposed between the perforated 
sheets in a filtration layer 29 which is a part of the 
25 second filtration layer of the filter shown in Fig. 18. 

One of other useful second filtration layers 
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includes a filter prepared by folding a perforated sheet in 
a pleat form around a perforated cylinder and molding it 
into a cylinder. The structure of this filter is shown in 
Fig. 19. Similarly, the perforated sheet includes nonwovens , 
5 woven fabrics, membrane sheets, filter papers and wire 

gauzes. A publicly known method, for example, a method 
described in JP-A 6-262013 can be used for processing these 
perforated sheets. When this is used, a filter having an 

^ excellent water permeability is obtained because of a large 

surface area of the filter material. 

5^ One of other useful second filtration layers 

includes a cylindrical molded article which comprises a 

y thermally adherent composite fiber comprising two kinds of 

=y thermoplastic resins having a melting point difference of 

S 10°C or more and in which intersections of the thermally 

adherent composite fiber are bonded. The structure of this 
filter is shown in Fig. 20. When this filter material is 
used, this filter is so excellent that less trapped 
particles flow out even if a filtering pressure is raised 

2 0 because the fiber intersections of a second filtration layer 

31 are bonded. Publicly known methods, for example, methods 
described in JP-B 56-43139 and JP-A 4-126508 can be used for 
a molding method of this cylindrical molded article. 

Next, the second invention in the present 

25 invention shall specifically be described. 

The second embodiment of the filter cartridge is a 



filter cartridge 1 prepared by winding a strip of filament 
nonwoven having an aperture part shown in Fig. 21 comprising 
a thermoplastic fiber obtained by bonding at least a part of 
fiber intersections around a perforated cylinder shown in 
Fig, 4 in a twill form after converged. That is, the strip 
of nonwoven having not only fine pores constituted by fibers 
but also aperture parts which are sufficiently larger than 
these fine pores is used as a material for a filtration 
layer in the filter cartridge. The presence of this 
aperture part reduces a flow resistance of the converged 
strip of nonwoven, and a suitable space is formed in an 
inside of the converged strip of nonwoven, so that trapped 
particles are increased in an amount, whereby the filter 
cartridge becomes excellent in a liquid permeability and a 
filter life. 

As described above, the material used for the 
filter cartridge of the present invention is the strip of 
nonwoven (hereinafter referred to as an aperture part- 
containing strip of nonwoven) having an aperture part which 
comprises a thermoplastic fiber and in which at least a part 
of fiber intersections is bonded. 

The aperture part-containing strip of nonwoven is 
obtained by providing an unprocessed nonwoven (hereinafter 
referred to as an original nonwoven) with an aperture part 
by punching and obtaining a desired width by slitting. 

When calling merely the nonwoven in the following 
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explanations, it means a general term of the aperture part- 
containing strip of nonwoven and the original nonwoven each 
described above. 

The original nonwoven described above has a void 
5 rate of 60 to 95%, preferably 70 to 92%. When using the 

aperture part-containing strip of nonwoven obtained from the 
original nonwoven having a void rate of 60 to 95 %, a 
^ filtration layer in the cylindrical filter is inhibited from 

Z becoming denser than necessary and sufficiently controlled 

TO in a pressure loss when it is used as a filter, and the 

7 particle trapping efficiency can be elevated more. A void 

rate of the original nonwoven which is controlled to 95% or 
= less makes it easy to wind the aperture part-containing 

1 strip of nonwoven around a perforated cylinder and makes it 
^ possible to reduce more a deformation of the resulting 

cylindrical filter caused by a loaded pressure. 

A method for providing an aperture part in the 
aperture part-containing strip of nonwoven described above 
shall be explained. A hole in the aperture part in the 

2 0 present invention is a larger hole such as an aperture part 

2 shown in Fig. 21 unlike a fine pore formed by fibers 
constituting the original nonwoven, and it is defined by an 
aperture part having an area of 1 to 400 mra^. Examples of a 
hole-opening method include a method in which the original 
25 nonwoven is punched by means of a punching blade to 

completely remove a punched fabric, a method in which the 
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fibers are moved to the periphery by means of a needle and 
high pressure stream to thereby open a hole and a method in 
which the fibers are molten by means of a heated needle to 
thereby open a hole. It may stay in a state that periphery 

5 around the aperture part is fused or a state that fluffs are 

produced in an inside of the aperture part. A shape of the 
aperture part shall not specifically be restricted. It may 

^ be various, for example, circular, oval, rhombic, 

rectangular, square and triangular. Further, the shapes 
described above may be present in a mixed state as shown in 

If Fig. 22. 

The whole area of the aperture parts described 

'j. above accounts for 5 to 60% based on the whole area of the 

aperture part-containing strip of nonwoven including the 

jfe aperture parts. If the whole area of the aperture parts is 

less than 5%, the water permeability and the filter life are 
not sufficiently elevated. . On the other hand, if the area 
ratio of the aperture parts exceeds 60%, the aperture part- 
containing strip of nonwoven is broken or stretched when 

20 winding the aperture part-containing strip of nonwoven 

around a perforated cylinder, and it is difficult to produce 
a filter cartridge having a stable filter performance. 

A matter having pleats (hereinafter referred to as 
a pleated matter) as shown in Fig. 23 is preferably used as 

25 the aperture part-containing strip of nonwoven used for the 

filter cartridge of the present invention. The pleats can 



be formed by the method described hereinabove. Other 
examples of a pleat-forming guide which can be used include 
a guide in which a cross-sectional shape is formed with an 
approximate wave form gap, a guide prepared by combining 
plural guides having different shapes and a guide in which a 
guide shown in Fig. 11 is used in combination with other 
pleat-forming guides. 

In the present invention, the aperture part- 
containing strip of nonwoven is twisted and then wound 
around a perforated cylinder, whereby a filter cartridge can 
be prepared as well. If the aperture part-containing strip 
of nonwoven is twisted, a size and an apparent void rate of 
a converged matter in which the aperture part-containing 
strip of nonwoven stays in a converged state can be changed, 
and therefore it becomes possible to control the filter 
accuracy by the twisting number. Further, the pleat form is 
fixed by a tension and less likely to collapse, so that the 
filter performance is stabilized. This twisting number 
falls preferably in a range of 15 to 150 rounds per meter of 
the aperture part-containing strip of nonwoven. The 
twisting number of less than 15 rounds/meter scarcely 
provides an effect exerted by twisting. On the other hand, 
if it exceeds 15 0 rounds /meter, the aperture part-containing 
strip of nonwoven is strongly twisted and falls in a state 
that the fibers are fully packed, and the particle trapping 
property is deteriorated, so that it is not preferred. The 
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filter cartridge was produced by the production process 
described above. 

In the present invention, a porous material other 
than the aperture part-containing strip of nonwoven may be 
5 used for a part of the filtration layer in the filter 

cartridge. Capable of being given as examples thereof are 
polyethylene/polypropylene composite fiber nonwovens, melt 
blown extra fine fiber nonwovens, polyethylene fine porous 
^ membranes , polytetraf luoroethylene fine porous membranes , 

Wl nonwovens prepared by mixing activated carbon fibers or 
^= antimicrobial fibers and nonwovens prepared by carrying ion 

® exchange resins or activated carbon particles in the 

O nonwovens . Use of such porous materials other than the 

^ aperture part-containing strip of nonwoven provides effects 

^ such as controlling the filter accuracy and providing 

functions including an antimicrobial property and 
absorptivity of metal ions. 

The third invention in the present invention shall 
specifically be described. 
20 The third embodiment in the present invention is a 

filter cartridge prepared by winding a strip of nonwoven 
comprising a thermoplastic fiber around a perforated 
cylinder in a twill form, wherein end face-sealed parts 
which are smooth and have elasticity in sealing are provided 
25 at both end parts thereof. 

In the present invention, the end face-sealed 
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parts are smooth, film-shaped parts integrally provided at 
both end parts of the filter cartridge. Obtained by 
providing these end face-sealed parts is a cylindrical 
filter cartridge for filtering a liquid which is excellent 

5 in an adhesive property with a housing. 

In the present invention, the end face-sealed 
parts described above are preferably foirmed by melting or 

^ softening the strip of nonwoven constituting both end parts 

* of the filter cartridge (hereinafter abbreviated as filter 
fj) both end parts), and the resulting end face-sealed parts are 
^ integrated with the filter cartridge, so that problems such 

* as peeling are not caused. One example thereof is shown in 
O Fig. 4. 

W Next, a method for forming the end face-sealed 

B parts at the filter both end parts shall be explained. 

The end face-sealed parts are formed by melting or 
softening the strip of nonwoven constituting the filter both 
end parts by means of heat, a solvent or a supersonic wave 
and then solidifying them while arranging the shapes thereof 

2 0 so that they become smooth end faces. The strip of nonwoven 

comprising the thermoplastic fiber is used in the present 
invention, and therefore a method using heat is preferred. 
In such case, a heating method includes a method for heating 
by means of hot air or an infrared ray and a method for 

25 directly heating by bringing into contact with a hot plate. 

They can be heated by any method, but considering smoothness 



on the end face and easiness in setting the heating 
conditions, a method for directly heating by bringing into 
contact with a hot plate is preferred- One example of the 
filter cartridge thus prepared is shown in Fig. 4. 

Heating is preferably carried out to such an 
extent that a thickness of fused end parts at the filter 
both end parts becomes 10 to 1000 jxm. In this case, a 
thickness of the fused end parts represents a thickness of a 
part where the fibers of the original strip of nonwoven are 
turned into a film by fusing. One example thereof is shown 
in Fig. 24 A. If this heating is weak, the filter both end 
parts are reduced in smoothness due to a shortage in fusing 
of the strip of nonwoven, so that heating shall become 
meaningless. On the contrary, if this heating is strong, 
the filter both end parts are hardened and therefore 
inferior in elasticity in sealing, and therefore it is not 
preferred. The heating conditions are varied depending on 
resins used and a heating method and therefore shall not 
unconditionally be determined, and heating is carried out 
for 1 to 10 seconds at a temperature which is higher by 5 to 
20°C than a melting point of the thermoplastic resin used 
(when using a material comprising two or more components, a 
melting point of a lower melting point component among them) . 

By the processing, the smooth end face-sealed 
parts are formed at the filter both end parts, and therefore 
the sealing property is improved. This effect is not 
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obtained only by turning the filter both end parts merely 
into a film. Shown in Fig. 25 is a partial cut-off drawing 
of the filter cartridge obtained by this method, and an 
enlarged drawing of the end part thereof is shown in Fig. 24. 
5 This filter cartridge has a form in which a converged strip 

of nonwoven 3 is put together densely in an inside thereof 
as shown in Fig. 25. These converged strip of nonwovens 3 
~ each have a suited elasticity as compared with that of a 

L spun yarn. This allows the filter cartridge to be excellent 

10 in a sealing property at an end part without fusing an end 

ri; face as compared with a filter cartridge prepared from a 

== spun yarn. Further, the filter cartridge of the present 

^ invention has a structure in which a converged strip of 

~ nonwoven 7 in the vicinity of the end part is integrated 

3;5 with a fused end part 4 at the end part as shown in Fig. 24, 

and therefore it is more excellent in smoothness and 
elasticity. On the other hand, shown in Fig. 2 6 is an 
enlarged cross section of an end part of a bobbin winder 
type filter cartridge using a conventional spun yarn. The 
20 spun yarns are merely arranged at the end part of this 

filter cartridge, so that it has a lot of irregularities and 
is short of a sealing property. Further, even if an end 
part of a bobbin winder type filter cartridge using a spun 
yarn is thermally fused, the spun yarns adjacent to each 
25 other are merely bonded as shown in Fig. 27 because a spun 

yarn is inferior in a thermal bonding property as compared 
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with a nonwoven, and irregularities at the end part are not 
smoothened. In this case, even if the temperature is 
further elevated, a hard film is merely formed by the spun 
yarns, and the end face-sealed part having a suitable 
5 elasticity is not obtained unlike the present invention. 

Thus, only fusion of the strip of nonwoven 
constituting the filter both end parts allows the smooth end 
^ face-sealed parts to be formed to elevate the sealing 

•^y property, and the strip of nonwoven constituting the end 

W) part of the filter cartridge through the periphery of the 
H- filter side face may be fused as shown in Fig. 28. This 

B further elevates a form stability of the filter cartridge. 

O A length B in fusion shall fall in a range where a liquid 

W permeability of the filter cartridge is not extremely 

damaged. A partial cut-off drawing of this filter cartridge 
and an enlarged drawing of an end part thereof are shown in 
Fig. 29 and Fig. 30 respectively. 

On the other hand, instead of fusing the strip of 
nonwoven constituting the filter both end parts as it is by 
20 heating, a sheet comprising the same resin as at least one 

of the thermoplastic resins which are the components of the 
thermoplastic fiber used for the strip of nonwoven 
constituting the filter both end parts described above is 
stuck on the surfaces of the filter both end parts, and it 
2 5 may be fused if necessary to form the end face-sealed part 

described above. In this case, a propylene homopolymer and 



a propylene-a-olef in copolymer can be deemed to be the same 
resin. 

A method using a binder and a hot bonding method 
can be given as examples of the sticking method, and 
preferred is the hot bonding method having less problems on 
peeling. 

The sheet described above shall not specifically 
be restricted as long as it has a sheet shape, such as a 
film, a nonwoven and a woven fabric. Further, even if the 
resin used for the sheet described above is different from 
the thermoplastic resin which is the component of the 
thermoplastic fiber used for the strip of nonwoven, it can 
be used if it has a high compatibility. 

Use of a composite fiber comprising a low melting 
point resin and a high melting point resin for the fibers 
constituting the strip of nonwoven makes it easy to control 
a degree of fusion and therefore makes it easy as well to 
control a void rate of the end part. 

The fourth invention in the present invention 
shall specifically be described. 

The fourth embodiment in the present invention is 
a filter cartridge 1 prepared by converging a strip of 
nonwoven comprising a thermoplastic fiber obtained by 
bonding at least a part of fiber intersections and which has 
a tongue section part shown in Fig. 31 and Fig. 32 and then 
winding it around a perforated cylinder 2 shown in Fig. 4 in 
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a twill form. Use of the strip of nonwoven having a tongue 
section part as a material for the filtration layer in the 
filter cartridge allows particles which passed through gaps 
and therefore could not be trapped in the past to be trapped 
5 by the tongue section part because of the presence of the 

tongue section part in a gap formed by a converged matter of 
the strip of nonwoven to elevate the trapping efficiency. 
Further, an increase in the particle trapping area brought 
=£■ about by irregularities in the tongue section part allows a 

lO trapping amount of the particles to grow large, whereby a 

filtering accuracy and a filter life of the filter cartridge 
5 becomes excellent. 

Used as a material for the filter cartridge of the 
-X present invention is the strip of nonwoven (hereinafter 

3i5 referred to as a tongue section part-containing strip of 

nonwoven) which comprises a thermoplastic fiber, in which at 
least a part of fiber intersections is bonded and which has 
a tongue section part. 

The tongue section part-containing strip of 
2 0 nonwoven described above is obtained by slitting a non- 

processed nonwoven (hereinafter referred to as an original 
nonwoven) into a desired width and then passing it through a 
space between a pressurized bladed roll and a rubber roll to 
provide cuts. Slitting may be carried out after providing 
25 the original nonwoven with cuts. 

The original nonwoven described above has a void 
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rate of 60 to 95%, preferably 65 to 92%. When using the 
tongue section part-containing strip of nonwoven obtained 
from the original nonwoven having a void rate of 60 to 95%, 
a filtration layer in the cylindrical filter is inhibited 
5 from becoming denser than necessary and sufficiently 

controlled in a pressure loss when it is used as a filter, 
and the particle trapping efficiency can be elevated more. 
A void rate of the original nonwoven which is controlled to 
J 95% or less makes it easy to wind the tongue section part- 

:|J containing strip of nonwoven around a perforated cylinder 

i2 and makes it possible to reduce more a deformation of the 

Ifl resulting cylindrical filter caused by a loaded pressure, 

fj. Next, the tongue section part shall be explained. 

m The tongue section part is formed by providing a part of the 

strip of nonwoven with cuts or removing a part of the 
nonwoven. Shown as examples of the tongue section part are 
a form in which a cut 2 which is a tongue section part 3 is 
given from an edge 4 of the strip of nonwoven as shown in 
Fig. 31 (A), (B) and (C) and a form in which a cut 2 of a 
20 form which is a tongue section part 3 is given in a face of 

the strip of nonwoven as shown in Fig. 32 (A), (B) and (C). 
The tongue section parts 3 formed on the strip of nonwoven 
may not have the same length and size. Allowed to be 
present in a mixed state are the parts having cuts which are 
25 different in a direction of the cuts, a form and a direction 

of the form, or the parts may have a form in which the forms 
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shown in Fig. 31 and Fig. 32 are combined. Also, a position 
of the tongue section parts 3 in the strip of nonwoven 1 may 
not be completely symmetric to a longitudinal direction. 
Further, they may be disposed on one side. Supposing that a 
5 direction in which the tongue section part-containing strip 

of nonwoven 1 is precedently wound around a perforated 
cylinder is an upper stream and a reverse direction is a 
down stream, preferred are a form in which the cuts are 
^ given from the upper stream toward the down stream in the 

fd case of the form shown in Fig. 31 and a form in which a part 

pi connected to the strip of nonwoven is present at -a down 

stream side in the case of the form shown in Fig. 32, since 
the tongue section parts 3 are liable to stand when the 
5=5 strip of nonwoven is squeezed through a guide of a winder in 

is winding it around the perforated cylinder, and an effect 

exerted by the tongue section parts 3 is more notably 
exhibited. 

Examples of a method for forming the tongue 
section parts on the strip of nonwoven include a method in 

20 which a metal mold for pressing having a blade for giving 

cuts which are tongue section parts is used to pass a strip 
of nonwoven through a continuous pressing machine for a tape 
in which the metal mold is set, a method in which a strip of 
nonwoven is passed through a space pressurized by means of a 

25 roll having a blade for giving cuts which are tongue section 

parts at one side and a flat roll, a method in which cutting 
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is carried out by high pressure stream and a method in which 
a heated blade is pressed or the nonwoven is molten and 
removed by means of a laser beam. Tongue section parts may 
be processed on an original nonwoven, and then it may be 
5 slit to obtain a tongue section part-containing nonwoven. 

The whole area of the tongue section parts 
described above accounts for 10 to 80% based on the whole 
j==. area of the tongue section part-containing strip of nonwoven. 

When the nonwoven is removed, an area of a part thereof is 
& not included in calculation. If the tongue section parts 

Z have an area ratio of less than 10%, a rise in the filtering 

^" accuracy and the filter life given by the tongue section 

parts is not revealed. On the other hand, if it exceeds 80%, 
the tongue section part-containing nonwoven is reduced in a 
5^5 strength, and it becomes difficult to process the nonwoven 

into a filter cartridge. An area of the tongue section 
parts described above corresponds to an obliquely lined part 
which is surrounded by an edge 4 of the strip of nonwoven, a 
cut 2 and a line (shown by a broken line) obtained by 
20 connecting both end parts of the cut 2 as shown in Fig. 33 

(A) or (B) in the case of a form shown in Fig. 31 and an 
obliquely lined part which is surrounded by a cut 2 and a 
line (shown by a broken line) obtained by connecting ends of 
the cut 2 as shown in Fig. 34 (A) or (B) in the case of a 
25 form shown in Fig. 32. 

Preferably used as well is a method in which the 
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tongue section part-containing strip of nonwoven described 
above is twisted and then wound around a perforated cylinder. 
If the tongue section part containing strip of nonwoven is 
twisted, the tongue section parts stand up on the tongue 
5 section part-containing strip of nonwoven, and a state 

thereof is firmly held, so that an effect given by the 
tongue section parts is elevated as compared with the case 
where the nonwoven is not twisted. Further, a void rate of 
3 the tongue section part-containing strip of nonwoven can be 

a changed by twisting number per unit length, and therefore 

the filtering accuracy can be controlled. The preferred 

m 

%0 twisting number has already been described. The filter 

Q cartridge has been produced according to the process 

fIJ described above. 

5 The fifth invention in the present invention shall 

specifically be described. 

The fifth embodiment in the present invention is a 
filter cartridge prepared by concurrently winding at least 
two strips of nonwoven comprising a thermoplastic fiber 
2 0 around a perforated cylinder in a twill form. 

Winding at least two strips of nonwovens around 
the perforated cylinder at the same time turns the filter 
cartridge of the present invention into a filter cartridge 
which is more excellent in a water peirmeability and a life 
25 than a filter cartridge prepared by winding a single strip 

of nonwoven. Further, controlling a width and a number of 



the strip of nonwoven wound makes it possible to control a 
filtering accuracy of the filter cartridge more easily than 
changing the winding conditions. 

In this case, the total value of width X mass per 
unit area of the strip of nonwovens which are wound at the 
same time is preferably 200 cm-g/m^ or less. If this value 
is larger than 200 cmg/m^, a rigidity of the strip of 
nonwoven becomes too strong, and therefore it is difficult 
to wind it around a perforated cylinder in a twill form. 
Further, the fiber amount is increased too much, and 
therefore it is difficult to wind the nonwoven densely. 
Also when a spinning width is controlled to directly prepare 
a strip of nonwoven, the preferred ranges of the mass per 
unit area and the nonwoven width are the same as those of 
the strip of nonwoven prepared by slitting. Further, 
supposing that the widths of the strip of nonwovens are 

designated as Li, L2, L3, Ln (mm) and the winding numbers 

of the strip of nonwovens having the respective widths are 

designated as Ni, N2, N3, Nn, the total value of width X 

winding number falls preferably in a range of 7 to 150 as 
shown in a relation of the following equation (A) : 

7^(Li X Ni) + (L2 X N2) + + (Ln X Nn)^150 (A) 

provided that the total of Ni + N2 + + Nn is an integer 

of 2 or more. 

If this value is smaller than 7, the fiber amount 
becomes too small, and therefore it is difficult to control 
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the filtering accuracy. On the other hand, if it is larger 
than 150, the fiber amount becomes too much, and therefore 
it is difficult to wind the nonwoven densely. Also when a 
spinning width is controlled to directly prepare a strip of 
nonwoven, the range of the equation (A) described above is 
the same as that of the strip of nonwoven prepared by 
slitting. 

The strip of nonwoven described above may be wound 
around a perforated cylinder in a twill form after processed 
by a method described later, or it may be wound as it is 
without processing. One example of the production processes 
in this case is shown in Fig. 35. A winder used for a 
conventional bobbin winder type filter cartridge can be used 
for the winding machine. The strip of nonwoven 1 fed passes 
through a traverse guide 2 of a narrow hole moving while 
traversing and then is wound around a perforated cylinder 4 
mounted on a bobbin 3, whereby a filter cartridge 5 is 
prepared. Various ones having a narrow hole can be used for 
this traverse guide 2. Capable of being used are, for 
example, ones having forms such as a circular form, an 
elliptical form and a flat form. Further, those having an 
aperture part at one end of the narrow hole can be used as 
well. 

On the other hand, the strip of nonwoven described 
above can be wound as well around a perforated cylinder in a 
twill form after twisted or converged, into a pleated matter 



(hereinafter referred to as a strip of nonwoven-pleated 
matter). One example of production processes in twisting is 
shown in Fig. 36. Also in this case, a winder used for a 
conventional bobbin winder type filter cartridge can be used 
for the winding machine. The strip of nonwoven is 
apparently thickened by winding, so that this traverse guide 
2 has preferably a larger hole diameter than in the case of 
Fig. 35. If the strip of nonwoven is twisted, an apparent 
void rate of the strip of nonwoven can be changed by the 
number of twisting per unit length or the twisting strength, 
and therefore the filtering accuracy can be controlled. In 
this case, the twisting number falls preferably in a range 
of 50 to 1000 rounds per meter of the strip of nonwoven. If 
this value is smaller than 50 rounds, the twisting effect is 
scarcely obtained. On the other hand, if this value is 
larger than 1000 rounds, the resulting filter cartridge is 
inferior in a liquid permeability, and therefore it is not 
preferred. 

The liquid permeability can be improved by 
providing the strip of nonwoven with cut lines or drilling 
holes in it. In this case, the number of the cut lines is 
suitably 5 to 100 cuts per 10 cm of the strip of nonwoven. 
When drilling holes, a proportion of the aperture part area 
is suitably controlled to 10 to 80%. In winding the plural 
strip of nonwovens around a perforated cylinder at the same 
time, other yarns such as a spun yarn are wound together. 
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whereby the filter performance can be controlled, in 
winding the plural strip of nonwovens at the same time while 
traversing, a broad nonwoven is wound together, whereby a 
maximum flow particle diameter in preparing a filter 
5 cartridge having a rough accuracy can be controlled as well. 

Examples 

_^ The present invention shall be explained below in 

7. further details with reference to examples and comparative 

To examples, but the present invention shall not be restricted 

to these examples. In the respective examples, the physical 
properties of the filter materials and the filtering 
performances were evaluated by methods described below. The 
evaluation results thereof are shown in Tables 1 and 2 . 
^ winder: 

A traverse width (width of traversing) was 250 mm, 
and a winder in which a hole of a traverse guide (12 in Fig. 
5) had a diameter of 5 mm was used. An initial speed of a 
spindle was set up to 1500 rpm. 

20 Mass per unit area and thickness of nonwoven ; 

The nonwoven was cut off so that an area of the 
cut nonwoven was 625 cm^ (a case of a filter cartridge in 
which an end face-sealed part was provided: 500 cm^), and 
the weight thereof was determined and converted to a weight 

25 per square meter to obtain a mass per unit area. Further, a 

thickness of the cut nonwoven was measured optionally at 10 
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points, and the values of 8 points excluding the maximum 
value and the minimum value were averaged to obtain the 
thickness (fxm) of the nonwoven. 

In the cases of the aperture part containing 
5 nonwoven and the tongue section part containing nonwoven, 

parts having lengths in which the whole areas thereof 
including the aperture parts were 400 cm^ were cut off from 
the nonwovens, and the weights thereof were determined and 
ji; converted to the weights per 1 m^ to obtain the mass per 

10 unit area ' s < g/m^ ) . 

Fineness of nonwoven : 

y The nonwoven was sampled at 5 spots at random, and 

the samples were photographed through a scanning type 

li; electron microscope, wherein 20 fibers per spot were 

selected at random to measure the diameters of the fibers, 
and an average value thereof was calculated to obtain a 
fiber diameter {\m.) of the nonwoven. The fineness (dtex) 
was determined from the following equation using the fiber 
diameter thus obtained and the density (g/cubic centimeter) 

20 of the raw material resin of the nonwoven. When two or more 

kinds of fibers were mixed, the respective fibers were 
measured in the manner described above to calculate the 
finesses of the respective fibers. 
(Fineness) = 7r( fiber diameter)^ X (density ) /4 00 

25 The cross-sectional form of the pleated matter was 

fixed by an adhesive and then cut at 5 spots in optional 
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positions to photograph the cross sections thereof through a 
microscope. The fold number of the strip of long finer 
nonwoven was counted from the photographs, wherein either of 
inverted V folding and V folding was counted as one, and the 
pleat number was shown by a half of the average number in 
the five cut spots. 

Cross-sectional area and void rate of st rip of filament 
nonwoven-converqed matter ; 

The cross-sectional form of the strip of filament 
nonwoven converged matter was fixed by an adhesive and then 
cut at 5 spots in optional positions to photograph the cross 
sections thereof through a microscope. The photographs were 
subjected to image analysis to determine a cross-sectional 
area of the strip of filament nonwoven-converged matter. 
Further, the strip of filament nonwoven-converged matter was 
cut to a length of 10 cm at different spots to determine the 
void rate from the weight thereof and the cross-sectional 
area obtained above using the following equation: 

(Apparent volume of strip of filament nonwoven-converged 
matter) = (cross-sectional area of strip of filament 
nonwoven-converged matter) x (cut length of strip of 
filament nonwoven-converged matter) 

(True volume of strip of filament nonwoven-converged 
matter) = (weight of strip of filament nonwoven-converged 
matter) /(density of raw material resin for strip of filament 
nonwoven-converged matter) 



(Void rate of strip of filament nonwoven-converged 
matter) = {l - (true volume of strip of filament nonwoven- 
converged matter) /(apparent volume of strip of filament 
nonwoven-converged matter)} X 100 (%) 

Aperture part area ratio of aperture part-containing strip 
of nonwoven ; 

A strip of nonwoven having a length in which the 
whole area including the aperture part was 400 cm^ was cut 
out from the aperture part-containing strip of nonwoven, and 
the whole area (unit; cm^) of the aperture part was measured 
to calculate an aperture part area ratio (%) from the 
following equation: 

(aperture part area ratio) = {(whole area of aperture 
part)/400 cm^ } X 100 (%) 

Tongue section part area ratio of tongue sec tion part- 
containing strip of nonwoven ; 

A strip of nonwoven having a length in which the 
whole area including the tongue section part was 400 cm^ was 
cut out from the tongue section part-containing strip of 
nonwoven, and the whole area (unit: cm^) of the tongue 
section part was measured to calculate a tongue section part 
area ratio (%) from the following equation: 

(tongue section part area ratio) = -((whole area of tongue 
section part)/400 cm^ } X 100 (%) 
Pleat number of pleated matter : 

The pleated matter was fixed by an adhesive and 



then cut at 5 spots to photograph the cross sections thereof 
through a microscope. The fold number of the tongue section 
part-containing strip of nonwoven was counted from the 
photographs, wherein either of inverted V folding and V 
folding was counted as one. The fold number of the five cut 
spots was averaged, and the pleat number was shown by a half 
of the value thereof. 
Yarn space ; 

A space (shown in 32 of Fig. 6) between the strip 
of nonwoven present on the surface and the strip of nonwoven 
adjacent thereto was measured at 10 spots per one filter 
cartridge, and the average thereof was calculated to obtain 
the yarn space. A part of the tongue section part was 
excluded from measurement. 

Void rate of filtration layer in filter cartridge ; 

A major diameter, a length and a weight of the 
filter cartridge were measured to determine the void rate. 
In order to determine the void rate of the filtration layer 
itself, a major diameter of the perforated cylinder was used 
for the value of the minor diameter, and a value obtained by 
deducting the weight of the perforated cylinder from the 
weight of the filter cartridge was used for a value of the 
weight : 

(Apparent volume of filtration layer) = 7r{ (major 
diameter of filter)^ - (minor diameter of filter)^} X 
(filter length) /4 



(True volume of filtration layer) = (weight of filtration 
layer) /(density of raw material resin of filtration layer) 

(Void rate of filtration layer) = {1 - (true volume of 
filtration layer) / (apparent volume of filtration layer)} X 
100 (%) 

initial trapped particle diameter, initial pressure los s and 
filter life ; 

One filter cartridge was mounted to a housing of a 
circulating type filtering performance testing machine, and 
a flow amount was controlled to 30 liter /minute by means of 
a pump to carry out flow and circulation. In this case, an 
initial pressure loss was shown by a pressure loss before 
and after the filter cartridge. Next, a cake prepared by 
mixing 8 kinds of testing powder I prescribed in JIS Z 8901 
(abbreviated as JIS 8 kinds; intermediate diameter: 6.6 to 
8.6 jm) with 7 kinds of the same powder (abbreviated as JIS 
7 kinds; intermediate diameter: 27 to 31 \m) in a weight 
proportion of 1 : 1 was continuously added to circulating 
water at 0.4 g/minute, and the solution before filtering and 
the filtrate were sampled after 5 minutes since starting 
addition. They were diluted to prescribed concentrations, 
and then the numbers of particles contained in the 
respective solutions were measured by means of a light 
shielding type particle detector to calculate an initial 
trapping efficiency in each particle diameter. Further, the 
value thereof was interpolated to determine a particle 
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diameter showing a trapping efficiency of 80%. The cake was 
continuously added further, and when the pressure loss of 
the filter cartridge reached 0.2 MPa, the solution before 
filtering and the filtrate were sampled as well to determine 
5 a trapped particle diameter in 0.2 MPa. A filter life was 

shown by time consumed from starting addition of the cake 
until reaching 0.2 MPa. When the pressure difference did 
Q not reach 0.2 MPa even after the filter life reached 1000 

5 minutes, the measurement was discontinued at the point of 

S time. AS described above, a perforated plastic molded 

m article which was void in an inside was used as a dummy, and 

r only the respective layers were formed on the same 

3 conditions to measure initial 80% trapped particle diameters 

O in the respective layers. In the case of the strip of 

^ nonwoven having tongue section parts, sampled solutions were 

diluted to prescribed concentrations, and then the numbers 
of particles of every particle diameter contained in the 
respective solutions were measured by means of a light 
shielding type particle detector to calculate an trapping 
2 0 efficiency in every particle diameter. Next, the value 

thereof was interpolated to determine particle diameters 
showing trapping efficiencies of 80% and 98% to obtain a 
filtering accuracy (1) and a filtering accuracy (2) (jm) 
respectively . 

25 Maximum passing particle diameter and sealing property of 

end face ; 
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A cake was continuously added at 0.4 g/minute in 
the same manner as in measuring the initial 80 % trapped 
particle diameters described above, and a filtrate was 
sampled after 5 minutes since starting addition. Particles 
5 contained in 50 cm^ of the filtrate were filtered through a 

nitrocellulose membrane filter paper having a pore diameter 
of 0.8 \im in which ruled lines of lattices with a space of 5 
mm were provided. Ten lattices drawn on the filter paper 
Cp were optionally selected to determine a circle-corresponding 

M diameter of a maximum particle present therein as a maximum 

'Si 

1=^ passing particle diameter in the filter. On the other hand, 

m an end face of a filter cartridge prepared on the same 

O conditions was completely sealed by an adhesive, and the 

ry filter cartridge was completely bonded to the housing by an 

O adhesive, whereby leaking from the end face was completely 

stopped. The same measurement was carried out, and a result 
thereof was compared with the result obtained above to 
evaluate the sealing property. 

Bubbling of initial filtrate and fiber falling ; 

2 0 One filter cartridge was mounted to a housing of a 

circulating type filtering performance testing machine, and 
a flow amount was controlled to 10 liter /minute by means of 
a pump to pass ion-exchanged water. One liter of an initial 
filtrate was sampled, and 25 cubic centimeter out of it was 

25 taken into a color imetric bottle and stirred vigorously to 

observe bubbling 10 seconds after stopping stirring. 



Bubbling was judged by X when a volume of bubble (volume 
observed from a liquid surface up to the top of bubble) was 
10 cubic centimeter or more, A when 5 or more bubbles 
having a volume of less than 10 cubic centimeter and a 
diameter of 1 mm or more were observed and O when less than 
5 bubbles having a diameter of 1 mm or more were observed. 
Further, the initial filtrate of 500 cubic centimeter was 
passed through a nitrocellulose filter having a pore 
diameter of 0.8 to judge fiber falling, wherein a case 
where 4 fibers or more having a length of 1 mm or more per 
one square centimeter of the filter paper were observed was 
shown by X ; a case where 1 to 3 fibers were observed was 

shown by A; and a case where no fibers were observed was 

shown by O. 

Shown below were examples in the case of the 

filter cartridge comprising the first filtration layer and 

the second filtration layer according to the first 

prevention of the present invention. 

Example 1 

Used as a second filtration layer was a matter 
obtained by winding a polypropylene-made melt blown nonwoven 
having a mass per unit area of 50 g/mS a thickness of 3 00 
nm and a fiber diameter of 2 tun in a layer form of 1.1 round 
around a perforated cylinder which was a polypropylene-made 
injection-molded article having a minor diameter of 30 mm, a 
major diameter of 34 mm and a length of 250 mm and in which 



180 holes of 6 mm square were drilled. A polypropylene-made 
spun-laid nonwoven which had a mass per unit area of 22 g/m^, 
a thickness of 200 ^m and a fineness of 2 dtex and in which 
fiber intersections were thermally compression-bonded by 
means of a hot embossing roll was used as a filament 
nonwoven for a strip of filament nonwoven. The filament 
nonwoven was slit to a width of 50 mm to obtain a strip of 
filament nonwoven. The second layer was provided on a 
bobbin of a winder, and a guide of a circular hole having a 
diameter of 5 mm was disposed on a yarn passage on the way 
to the winder to converge the strip of filament nonwoven to 
a diameter of about 5 mm. It was wound on the second 
filtration layer around the perforated cylinder at a spindle 
initial speed of 1500 rpm until the major diameter reached 
62 mm while controlling a winding number so that a space 
between the strip of filament nonwovens became 1 mm, whereby 
a filter cartridge 3 shown in Fig. 18 was obtained. 
Example 2 

A cylindrical filter cartridge was obtained by the 
same method as in Example 1, except that the filament 
nonwoven was slit to a width of 10 mm and the winding number 
was controlled so that the yarn space became 1 mm. This 
filter had the same perfomance as in Example 1. However, 
time required for winding was extended more than in Example 
1. 

Example 3 
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A cylindrical filter cartridge was obtained by the 
same method as in Example 1, except that a sheath-core 
composite fiber comprising a linear low density polyethylene 
(melting point: 125°C) as a low melting point component and 
a polypropylene as a high melting point component in a 
weight ratio of 5 : 5 was used as the structural fiber for 
the filament nonwoven. This filter had a longer filter life 
than that of the filter described in Example 1 . This is 
considered to be attributable to the fact that since the 
fiber intersections in the first filtration layer were 
firmly bonded, the first filtration layer had a stabilized 
trapping capacity and load exerted on the second filtration 
layer was reduced. 
Example 4 

A cylindrical filter cartridge was obtained by the 
same method as in Example 3, except that the hot bonding 
method of the fiber intersections was changed from the hot 
embossing roll to a hot air-circulating type heater. This 
filter had a little shorter filter life than that of the 
filter described in Example 3. This is considered to be 
attributable to the fact that the fiber intersections in the 
first filtration layer were not so firmly bonded as in 
Example 3 . 
Example 5 

A cylindrical filter cartridge was obtained by the 
same method as in Example 1, except that a fineness of the 
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filament nonwoven was changed to 10 dtex. This filter had a 
shorter filter life than that of the filter described in 
Example 1 . 
Example 6 

5 A cylindrical filter cartridge was obtained by the 

same method as in Example 1, except that the strip of 
filament nonwoven was not converged and was twisted by 100 
rounds per meter. This filter had the same performance as 
4^ that of the filter described in Example 1 . 

!=& Example 7 

H= The strip of filament nonwoven was processed into 

i a cross-sectional form shown in Fig. 13 (A) to obtain a 

^ pleated matter having 4 pleats. A cylindrical filter 

\ cartridge was obtained by the same method as in Example 1 , 

IS except that the pleated matter was substituted for the 

converged, strip of filament nonwoven. This filter had a 
little longer filter life than that of the filter described 
in Example 1 but was increased in pressure loss. The reason 
why the pressure loss grew large as compared with the filter 
20 described in Example 1 is that since the pleats of the 

pleated matter were parallel, a filtering pressure was 
exerted from a direction perpendicular to the pleats, so 
that a void rate of the filter was reduced. 
Example 8 

25 The strip of filament nonwoven was processed into 

a cross-sectional form shown in Fig. 13 (B) to obtain a 



pleated matter having 7 pleats. A cylindrical filter 
cartridge was obtained by the same method as in Example 1 , 
except that the pleated matter was used. This filter was an 
excellent filter having the same water permeability as that 
of the filter described in Example 1 though it had a longer 
life than that of the filter described in Example 1 . 
Example 9 

The strip of filament nonwoven was processed into 
a cross-sectional form shown in Fig. 13 (C) to obtain a 
pleated matter having 15 pleats. A cylindrical filter 
cartridge was obtained by the same method as in Example 7 , 
except that the pleated matter was used. This filter was an 
excellent filter having the same water permeability as that 
of the filter described in Example 1 though it had a further 
longer life than that of the filter described in Example 8. 
Example 10 

A cylindrical filter cartridge was obtained by the 
same method as in Example S, except that another pleat- 
forming guide was used to change the pleat number of the 
strip of filament nonwoven to 41. This filter was an 
excellent filter having the same water permeability as that 
of the filter described in Example 1 though it had a further 
longer life than that of the filter described in Example 9. 
Example 11 

A cylindrical filter cartridge was obtained by the 
same method as in Example 9, except that the strip of 
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filament nonwoven was densely converged to change a void 
rate of the pleated matter to 72%. This filter had a 
shorter life than that of the filter obtained in Example 9. 
Example 12 

5 The same melt blown nonwoven as in Example 1 was 

used as a nonwoven for rolling in. The same strip of 
filament nonwoven as in Example 1 was used as well- The 
strip of filament nonwoven was wound around the same 
O perforated cylinder in a twill form on the same conditions 

M as in Example 1 until the major diameter reached 45 mm. 

Si 

H; Then, the strip of filament nonwoven was continued to be 

C wound in a twill form while the nonwoven for rolling in was 

O wound in a layer form by 1.1 round. Further, only the strip 

nj of filament nonwoven was continuously wound in a twill form 

Q until the major diameter reached 62 mm to obtain a 

cylindrical filter cartridge. This filter had an accuracy 
of the same degree as in Example 1 and was a little 
excellent in water permeability. This is considered to be 
attributable to the fact that the nonwoven of a layer form 
20 was positioned in an outer side than in Example 1, so that 

the nonwoven was increased in a surface area. 
Example 13 

Prepared was a polypropylene-made melt blown 
nonwoven which had a fiber diameter of 1 urn and a mass per 
25 unit area of 3 0 g/m^ and which was compressed by a flat roll 

until the void rate became 50%. A polypropylene-made spun- 



laid nonwoven having a mass per unit area of 22 g/m^ and a 
fineness of 2 dtex was superposed on both sides of the melt 
blown nonwoven and subjected to pleat folding processing at 
a supercrest of 8 mm, and it was cut at 75 threads per inch. 
Both ends thereof were connected to obtain a cylinder, and 
it was disposed around the same perforated cylinder as in 
Example 1 and used as the second filtration layer. The 
first filtration layer was formed around it by the same 
method as in Example 1 to obtain a cylindrical filter 
cartridge shown in Fig. 19. 
Example 14 

A sheath-core composite fiber having a fineness of 
2 dtex and a fiber length of 64 mm and comprising a high 
density polyethylene and a polypropylene was webbed by means 
of a card machine, and it was heated at 145''C by means of a 
far infrared heater and wound around a stainless steel-made 
mandrel of 1.5 kg per meter until the major diameter reached 
45 mm. After cooling down, the mandrel was pulled out to 
obtain a cylinder. A cylindrical filter cartridge was 
obtained by the same method as in Example 1, except that the 
cylinder was used for the second layer. 
Comparative Example 1 

A cylindrical filter cartridge was obtained by the 
same method as in Example 1, except that a polypropylene- 
made spun yarn having a diameter of 2 mm which was obtained 
by spinning a fiber having a fineness of 3 dtex was 
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substituted for the strip of filament nonwoven and the yarn 
space was set to 1 mm. This filter cartridge had a 
considerably shortened filter life more than that of the 
filter prepared in Example 1. Further, bubbling was 
5 observed in the initial filtrate. 

Comparative Example 2 

A cylindrical filter cartridge was obtained by the 
same method as in Example 1, except that a filter paper No. 
J 1 prescribed in JIS P 3801 which was cut to a width of 50 mm 

was substituted for the strip of filament nonwoven. This 

1^; filter cartridge had an initial trapped particle diameter of 

111 

same degree as in Example 1, but the initial pressure 
Q loss was large, and the filter life was extremely short. 

Comparative Example 3 

A filament nonwoven having a fineness of 5 dtex 
and a mass per unit area of 50 g/m^ was slit to a width of 
25 cm and wound around the same second filtration layer as 
in Example 1 in a layer form at a linear pressure of 1.5 
kg/m to obtain a cylindrical filter cartridge. This filter 
20 cartridge had an initial trapped particle diameter of the 

same degree as in Example 1, but it had an inferior water 
permeability and a short filter life. 



- 90 - 



Processing of nonwoven 
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Filtering performance of filter 1 
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Shown below are examples of a filter cartridge 
prepared by winding a strip of filament nonwoven having an 
aperture part according to the second invention of the 
present invention. 
Example 15 

Used as an original nonwoven was a nonwoven 
obtained by forming a card web comprising a mixture of 60% 
by weight of a polypropylene fiber having a fineness of 3.1 
dtex and a fiber length of 51 mm and 40 % by weight of a 
rayon having a fineness of 1.8 dtex and a fiber length of 3 8 
mm and then setting an area ratio of a hot compression- 
bonded part to 15% by means of a hot embossing roll pressing 
machine. Round aperture parts were formed in the original 
nonwoven described above by a punching method, and then it 
was slit to obtain an aperture part-containing strip of 
nonwoven having a width of 45 mm, a mass per unit area of 3 0 
g/m^ and an aperture part area ratio of 7%. The aperture 
pai^t-containing strip of nonwoven described above was passed 
through a pleat-forming guide shown in Fig. 11 and wound 
around a polypropylene-made perforated cylinder having a 
minor diameter of 30 mm, a major diameter of 34 mm and a 
length of 250 mm in a twill form to produce a filter 
cartridge having a major diameter of 63 mm, a length of 25 0 
mm, a void rate of 82 % in a filtration layer, a pleat 
number of 5 and a yarn space of 1.0 mm. 

The measurement results of the filtering 



performance are shown in Table 3. This filter cartridge had 
a trapped particle diameter of about 15 j«n, and the water 
permeability and the other filtering performances were good. 
In particular, the filter was less reduced in a filtering 
accuracy in a rise in the pressure and excellent in a filter 
life. 

Example 16 

Used as an original nonwoven was an aperture- 
containing nonwoven obtained by forming a card web 
comprising a mixture of 70% by weight of a sheath-core 
composite fiber having a fineness of 3.2 dtex and a fiber 
length of 51 mm comprising a high density polyethylene as a 
sheath component and a polypropylene as a core component and 
30% by weight of a cotton having a fineness of 2.2 dtex and 
a fiber length of 18 to 3 6 mm, then sticking it with a 
needle to thereby partially form a round aperture part and 
thermally bonding fiber intersections by means of a hot 
blast through-air heater. The aperture part-containing 
nonwoven described above was slit to obtain an aperture 
part-containing strip of nonwoven having a width of 45 mm, a 
mass per unit area of 28 g/m^ and an aperture part area 
ratio of 10%. The aperture part-containing strip of 
nonwoven described above was twisted by 30 rounds /meter , and 
then a filter cartridge having a major diameter of 63 mm, a 
length of 250 mm, a void rate of 81% in a filtration layer, 
a pleat number of 8 and a yarn space of 1.2 mm was produced 
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by the same production process as in Example 15. 

The measurement results of the filtering 
performance are shown in Table 3. This filter cartridge had 
a trapped particle diameter of about 14 ^m, and the water 
permeability and the other filtering performances were good. 
In particular, the filter was less reduced in a filtering 
accuracy in a rise in the pressure and excellent in a filter 
life. 

Example 17 

Used as an original nonwoven was a spun-laid 
nonwoven comprising a sheath-core composite fiber comprising 
a low density polyethylene as a sheath component and a 
polyethylene terephthalate as a core component and which had 
a fineness of 2 . 8 dtex and an embossing hot compression- 
bonded surface area of 12% to prepare an aperture part- 
containing strip of nonwoven having a slit width of 40 mm, a 
mass per unit area of 21 g/m^ and an aperture part area 
ratio of 15% by the same opening method as in Example 15. 
Further, the same production process and perforated cylinder 
as in Example 15 were used to produce a filter cartridge 
having a major diameter of 63 mm, a length of 250 mm, a void 
rate of 81% in a filtration layer, a pleat number of 10 and 
a yarn space of 1.1 mm. 

The measurement results of the filtering 
performance are shown in Table 3. This filter cartridge was 
further more excellent in a filter life than the filters 



prepared in Example 15 and Example 16 because of an increase 
in an aperture part area ratio of the strip of nonwoven and 
a pleat number, and it was a filter suited to uses in which 
bubbling had to be avoided. 
Example 18 

Used as an original nonwoven was a spun-laid 
nonwoven comprising a sheath-core composite fiber comprising 
linear a low density polyethylene as a sheath component and 
a polypropylene as a core component and which had a fineness 
of 2.0 dtex and an embossing hot compression-bonded surface 
area of 14 to prepare an aperture part-containing strip of 
nonwoven having a slit width of 50 mm, a mass per unit area 
of 18 g/m^ and an aperture part area ratio of 2 8% by the 
same opening method as in Example 15. The aperture part- 
containing strip of nonwoven described above was twisted by 
25 rounds/meter, and then the same production process and 
perforated cylinder as in Example 15 were used to produce a 
filter cartridge having a major diameter of 63 mm, a length 
of 250 mm, a void rate of 80% in a filtration layer, a pleat 
number of 14 and a yarn space of 1.5 mm. 

The measurement results of the filtering 
performance are shown in Table 3. This filter cartridge was 
excellent in a filter life as was the case with Example 17, 
and it was a filter suited to uses in which bubbling had to 
be avoided. 
Example 19 



Used as an original nonwoven was a nonwoven 
prepared by subjecting a polypropylene-made spun-laid 
nonwoven having a fineness of 2.4 dtex and a mass per unit 
area of 15 g/m^ and a polypropylene-made melt blown nonwoven 
having a fineness of 0.16 dtex and a mass per unit area of 
10 g/m^ to embossing thermal compression bonding (thermal 
compression bonding area ratio: 14%) to prepare an aperture 
part-containing strip of nonwoven having a slit width of 45 
mm, a mass per unit area of 20 g/m^ and an aperture part 
area ratio of 20% by the same opening method as in Example 
15. The aperture part-containing strip of nonwoven 
described above was twisted by 25 rounds /meter , and then the 
same production process and perforated cylinder as in 
Example 15 were used to produce a filter cartridge having a 
major diameter of 63 mm, a length of 250 mm, a void rate of 
80% in a filtration layer, a pleat number of 14 and a yarn 
space of 1.4 mm. 

The measurement results of the filtering 
performance are shown in Table 3. This filter cartridge was 
increased in a filtering accuracy by virtue of the melt 
blown nonwoven having a small fiber diameter but excellent 
as well in a water permeability and a filter life, and it 
was a filter suited to uses in which bubbling had to be 
avoided. 
Example 20 

A polypropylene-made melt blown nonwoven having a 
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fineness of 0.10 dtex, a mass per unit area of 10 g/m^ and a 
width of 250 mm was wound around the same perforated 
cylinder as in Example 15 by 2 rounds. The same strip of 
nonwoven as used in Example 18 was twisted by 25 
5 rounds /meter and then wound on the outside thereof in twill 

form by the same production process as in Example 15 to 
produce a filter cartridge having a major diameter of 63 vm, 
a length of 250 mm, a void rate of 79% in a filtration layer, 
a pleat number of 14 and a yarn space of 1.6 mm. 
10 The measurement results of the filtering 

==- performance are shown in Table 3 . This filter cartridge was 

increased in a filtering accuracy because the broad melt 
z blown nonwoven was wound in the internal layer but excellent 

^~ as well in a water permeability and a filter life, and it 

L5 was a filter suited to uses in which bubbling had to be 

avoided. 

Comparative Example 4 

A polypropylene-made spun yarn having a diameter 

of 2 mm obtained by spinning staple fibers having a fineness 
2 0 of 3 dtex and a fiber length of 51 mm was wound around the 

same perforated cylinder as in Example 15 in a twill form to 

produce a filter cartridge having a major diameter of 63 mm, 

a length of 250 mm, a void rate of 80% in a filtration layer 

and a yarn space of 1.5 ram. 
25 The measurement results of the filtering 

performance are shown in Table 3 . This filter cartridge had 



- 99 - 



a good water permeability but was roughened in a filtering 
accuracy in 0.2 MPa. In addition thereto, it was inferior 
in bubbling and fiber falling. 
Comparative Example 5 
5 The same original nonwoven as used in Example 16 

was slit to a width of 45 mm without providing an aperture 
part and twisted by 200 rounds /meter , and then it was wound 
around the same perforated cylinder as in Example 1 in a 
^ twill form to produce a filter cartridge having a major 

ID diameter of 63 mm, a length of 250 mm, a void rate of 79% in 

a filtration layer and a yarn space of 1.2 mm. 
= The measurement results of the filtering 

- performance are shown in Table 3. This filter cartridge had 

~ almost the same filtering accuracy, bubbling and fiber 

1^ falling as in Example 16 but was inferior in a water 

^ permeability and a filter life. 

Comparative Example 6 

The same original nonwoven as used in Example 19 
was slit to a width of 200 mm without providing an aperture 
2 0 part and wound around the same perforated cylinder as in 

Example 15 in a twill form as it remained broad to produce a 
filter cartridge having a major diameter of 63 mm, a length 
of 250 mm and a void rate of 76% in a filtration layer. 
The measurement results of the filtering 
25 performance are shown in Table 3. This filter cartridge had 

almost the same initial trapped particle diameter, bubbling 
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and fiber falling as in Example 20 but was inferior in a 
water permeability and a filter life. 



- 101 - 



Fiber 
falling 


O 


O 


O 


O 


O 


O 


X 


O 


o 


Bubbling 


X 


X 


O 


O 


O 


O 


X 


X 


o 


Filter life 
(minute) 


<N 
CN 
CO 


V£3 

en 
CO 


V£) 

en 


r~ 
in 

CO 


00 

n 


r- 

00 
CN 


in 
a\ 

CN 


00 
CN 




Trapped particle 
diameter ([xm) 
in 0.2 MPa 




in 
1-1 








- 


n 


00 


CN 


Initial trapped 
particle diameter 
(urn) 










<N 


o 








initial 
pressure loss 
(MPa) 


0.003 


0.003 


0.002 


0.003 


0.004 


0.005 


0.003 


0.005 


0.007 


Example No. 


Example 15 


Example 16 


Example 17 


Example 18 


Example 19 


Example 20 


Comparative 
Example 4 


Comparative 
Example 5 


Comparative 
Example 6 



-102- 



Shown below are examples in the case of a filter 
cartridge in which an end face-sealed part was provided 
according to the third invention of the present invention. 
Example 21 

Used as a nonwoven was a polypropylene-made 
filament nonwoven obtained by a spun-laying process which 
had a mass per unit area of 22 g/m^, a thickness of 200 \m 
and a fineness of 2 dtex and in which fiber intersections 
were thermally bonded by means of a hot embossing roll. 
Further, used as a perforated cylinder was a polypropylene- 
made injection-molded article which had a minor diameter of 
30 mm, a major diameter of 34 mm and a length of 250 mm and 
in which 180 holes of 6 mm square were drilled. The 
filament nonwoven was slit to a width of 50 mm to obtain a 
strip of nonwoven. The strip of nonwoven was passed through 
a hole of a traverse guide provided in a winder and 
converged, and it was wound around the perforated cylinder 
at a winding number of 3.955 until the major diameter 
reached 60 mm to obtain a cylindrical filter cartridge. The 
end faces thereof were fused for 5 seconds by means of a hot 
plate having a surface temperature of 175°C to obtain a 
filter cartridge shown in Fig. 4. 
Example 22 

A spun-laying spinning machine having a sheath- 
core type combined nozzle was used to spin a sheath-core 
composite spun-laid fiber comprising a low melting point 
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polyester prepared by carrying out copolymerization using 
isophthalic acid as an acid component in addition to 
terephthalic acid as a low melting point component and 
polyethylene terephthalate as a high melting point component 
at a fineness of 2 dtex, and the fiber intersections thereof 
were themnally compression-bonded by means of a hot 
embossing roll to prepare a copolymer ized 

polyester/polyethylene terephthalate-made sheath-core spun- 
laid nonwoven having a mass per unit area of 22 g/m^ and a 
thickness of 200 fun. It was slit to a width of 5 cm to 
obtain a strip of nonwoven, which was wound around the same 
perforated cylinder as used in Example 21 on the same 
conditions as in Example 21 to prepare a cylindrical filter 
cartridge. The end faces thereof were fused for 5 seconds 
by means of a hot plate having a surface temperature of 
165°C to obtain a filter cartridge of the same type as shown 
in Fig. 4. This filter cartridge was further excellent in a 
sealing property as compared with the filter cartridge 
prepared in Example 21. This is considered to be 
attributable to the fact that the sheath-core composite 
fiber was used for the fiber, so that the nonwoven was 
improved in an adhesive property, and an elasticity of the 
end face-sealed part was elevated more. 
Example 23 

Used was a sheath-core composite spun-laid fiber 
having a fineness of 2 dtex, a mass per unit area of 22 g/m^ 
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and a thickness of 200 \im. comprising a linear low density 
polyethylene as a low melting point component and a 
polypropylene as a high melting point component. It was 
slit to a width of 5 cm to obtain a strip of nonwoven, which 
was wound around the same perforated cylinder as used in 
Example 21 on the same conditions as in Example 21 to 
prepare a cylindrical filter cartridge. The end faces 
thereof were fused for 3 seconds by means of a hot plate 
having a surface temperature of 150°C to obtain a filter 
cartridge of the same type as shown in Fig. 4. This filter 
cartridge was further excellent in a sealing property as 
compared with the filter cartridges prepared in Examples 21 
and 22. This is considered to be attributable to the fact 
that the sheath-core composite fiber of linear low density 
polyethylene/polypropylene was excellent in an adhesive 
property, so that an elasticity of the end face-sealed part 
was elevated more. 
Example 24 

Used was a conventional melt-spinning machine to 
produce a sheath-core composite staple fiber comprising a 
linear low density polyethylene and a polypropylene having a 
fineness of 2 dtex, a cut length of 51 mm and a crimp number 
of 14. The staple fiber was processed into a web having a 
mass per unit area of 22 g/m^ by means of a card machine, 
and the fiber intersections thereof were thermally 
compression-bonded by means of a hot embossing roll to 
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prepare a staple nonwoven having a thickness of 2 00 /zm. 
Winding and fusing of the end faces were carried out to 
obtain a filter cartridge of the same type as shown in Fig. 
4, except that this nonwoven was used. A little bubbling 
was observed in an initial filtrate in this filter, and it 
had a little larger maximum passing particle diameter than 
in Example 23, but it was a filter having almost the same 
perfomance as in Example 23 in the other performances. 
Example 25 

A filter cartridge was obtained by the same method 
as in Example 23, except that a width of the strip of 
nonwoven was changed to 1 cm, and the winding number was 
changed to 3.964. This filter cartridge had almost the same 
filtering performance as in Example 23 , but a winding time 
of the filter was extended. 
Example 2 6 

A filter cartridge was obtained by the same method 
as in Example 23, except that a width of the strip of 
nonwoven was changed to 8 cm, and the winding number was 
changed to 3.929. This filter cartridge had a little larger 
maximum passing particle diameter than in Example 23, but a 
sealing property of the end face was good. 
Example 27 

Used was a sheath-core composite spun-laid 
nonwoven having a fineness of 2 dtex, a mass per unit area 
of 22 g/m^ and a thickness of 200 //m comprising a linear 
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low density polyethylene as a low melting point component 
and a polypropylene as a high melting point component. It 
was slit to a width of 5 cm to obtain a strip of nonwoven, 
which was wound around the same perforated cylinder as used 

5 in Example 21 on the same conditions as in Example 21 to 

prepare a cylindrical filter cartridge. The same nonwoven 
(the fabric before slitting) as the strip of nonwoven was 

=^ fused on the end faces thereof for 3 seconds by means of a 

hot plate having a surface temperature of 150°C to obtain a 
1^ filter cartridge of the same type as shown in Fig. 4. This 

filter cartridge had almost the same properties as those of 
the filter prepared in Example 23, 

; Comparative Example 7 

s: Used was a conventional melt-spinning machine to 

1=5 produce a staple fiber of polypropylene having a fineness of 

2 dtex, a cut length of 51 iran and a crimp number of 14, and 
it was spun to produce a spun yarn. The spun yarn was wound 
around the same perforated cylinder as used in Example 21 at 
a winding number of 3.098 to obtain a filter cartridge form. 

20 The end faces thereof were fused for 5 seconds by means of a 

hot plate having a surface temperature of 175°C to prepare a 
filter cartridge. This filter cartridge had many 
irregularities on end faces and was short of elasticity in 
the end face-sealed part, so that it was inferior in a 

25 sealing property of the end faces. 

The results thereof are shown together in Table 4 . 
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Comparative Example 8 

Used was a conventional melt-spinning machine to 
produce a sheath-core composite staple fiber comprising a 
linear low density polyethylene and a polypropylene having a 
fineness of 2 dtex, a cut length of 51 mm and a crimp number 
of 14, and it was spun to produce a spun yarn. The spun 
yarn was wound around the same perforated cylinder as used 
in Example 21 at a winding number of 3.098 to obtain a 
filter cartridge form. The end faces thereof were fused for 
3 seconds by means of a hot plate having a surface 
temperature of 150°C to prepare a filter cartridge. This 
filter cartridge was more excellent than the filter 
cartridge prepared in Comparative Example 7 but had many 
irregularities on end faces and was short of elasticity in 
the end face-sealed part, so that it was inferior in a 
sealing property of the end faces. 
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Shown below are examples in the case of a filter 
cartridge prepared by winding a strip of nonwoven having a 
tongue section part according to the fourth invention of the 
present invention. 
5 Example 28 

Used as an original nonwoven was a nonwoven having 
a mass per unit area of 28.1 g/m^ prepared by a card method, 
.-^ which comprised 70% of a polypropylene fiber having a 

3 fineness of 2.1 dtex and 30% of a rayon fiber having a 

ro fineness of 2.4 dtex and in which 20% of a nonwoven area was 

thermally compression-bonded by means of a hot embossing 
~' roll. This original nonwoven was slit to a width of 4 cm 

^ and then passed through a space between a pressurized bladed 

=2 roll and a rubber roll, whereby V type cuts shown in Fig. 32 

13 (A) were provided at 80 spots per meter to prepare a tongue 

section part-containing strip of nonwoven having a tongue 
section part area ratio of 20%. Further, used as a 
perforated cylinder was a polypropylene-made injection- 
molded article having a minor diameter of 30 mm, a major 
20 diameter of 34 mm and a length of 250 mm. The tongue 

section part-containing strip of nonwoven was delivered so 
that a tip of the tongue section part was turned to a 
winding direction and wound around the perforated cylinder 
at a spindle rotation number of 800 rpm until the major 
25 diameter reached 62 mm to obtain a filter cartridge having a 

yarn space of 1.2 mm and a void rate of 81% in a filtration 
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layer. The measurement results of the filtering performance 
are shown in Table 5. The filtering accuracy (2) was 
elevated, and the filter life was improved as compared with 
that in Comparative Example 9 in which a spun yarn was used. 
5 Further, fiber falling was reduced as well. 

Example 29 

Used as an original nonwoven was a nonwoven having 
a mass per unit area of 25.3 g/m^ prepared by a card method, 
5 which comprised 40% of a sheath-core composite fiber having 

JjO a fineness of 2.2 dtex and a sheath core ratio of 5 : 5 and 

i2 comprising a high density polyethylene as a sheath component 

^ and a polypropylene as a core component and 60% by weight of 

P a cotton having a fineness of 2.1 dtex and in which fiber 

J intersections were thermally bonded by means of a hot air- 

^ through type heater. This original nonwoven was slit to a 

width of 4 cm, and then the bladed roll was exchanged in the 
same apparatus as used in Example 28, whereby V type cuts 
shown in Fig. 32 (A) were provided at 100 spots per meter to 
prepare a tongue section part-containing strip of nonwoven 
20 having a tongue section part area ratio of 35%. Further, 

the same one as used in Example 1 was used as a perforated 
cylinder. The tongue section part-containing strip of 
nonwoven was delivered so that a tip of the tongue section 
part was turned to a winding direction and wound around the 
25 perforated cylinder at a spindle rotation number of 800 rpm 

until the major diameter reached 62 mm to obtain a filter 



-Ill- 



cartridge having a yarn space of 1.0 nun and a void rate of 
83% in a filtration layer. The measurement results of the 
filtering performance are shown in Table 5. An increase in 
a void rate in the filtration layer led to an increase in a 
5 trapping area of the filter, and the filter life was 

elevated more than that of the filter shown in Example 28. 
Further, processing by means of the hot air-through type 
heater increased the hot bonded points, so that falling of 

J| the fibers was reduced as compared with Example 28. 

Il Example 3 0 

1^ Used as an original nonwoven was a nonwoven having 

^ a mass per unit area of 20.3 g/m^ prepared by a spun-laying 

P method, which comprised 100% of a sheath-core composite 

J fiber having a fineness of 2.4 dtex and a sheath core ratio 

^ of 5 : 5 and comprising a high density polyethylene as a 

sheath component and a polyester as a core component and in 
which 15% of the nonwoven area was thermally compression- 
bonded by means of a hot embossing roll. This original 
nonwoven was slit to a width of 5 cm, and then the bladed 
20 roll was exchanged in the same apparatus as used in Example 

28, whereby V type cuts shown in Fig. 31 (B) were provided 
at 100 spots per meter on both sides of the nonwoven to 
prepare a tongue section part-containing strip of nonwoven 
having a tongue section part area ratio of 40%. Further, 
25 the same one as used in Example 28 was used as a perforated 

cylinder. The tongue section part-containing strip of 
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nonwoven was delivered so that a tip of the tongue section 
part was turned to a winding direction and wound around the 
perforated cylinder at a spindle rotation number of 800 rpm 
until the major diameter reached 62 mm to obtain a filter 
cartridge having a yarn space of 1.3 mm and a void rate of 
82% in a filtration layer. The measurement results of the 
filtering performance are shown in Table 5. Bubbling was 
inhibited by using the filament nonwoven prepared by the 
spun-laying method, and falling of the fibers was reduced as 
compared with Example 28. 
Example 31 

Used as an original nonwoven was a nonwoven having 
a mass per unit area of 22.3 g/m^ prepared by a spun-laying 
method, which comprised 100% of a sheath-core composite 
fiber having a fineness of 2 . 0 dtex and a sheath core ratio 
of 5 : 5 and comprising a linear low density polyethylene as 
a sheath component and a polypropylene as a core component 
and in which 12 % of the nonwoven area was thermally 
compression-bonded by means of a hot embossing roll. This 
original nonwoven was slit to a width of 5 cm, and then the 
same cuts were provided by means of the same apparatus as 
used in Example 30 to prepare a tongue section part- 
containing strip of nonwoven having a tongue section part 
area ratio of 40%. Next, this tongue section part- 
containing strip of nonwoven was subjected to a twisting 
machine and wound to thereby prepare a converged matter 
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having a twisting number of 80 rounds /meter . Further, the 
same one as used in Example 2 8 was used as a perforated 
cylinder. The tongue section part-containing strip of 
nonwoven was delivered so that a tip of the tongue section 
part was turned to a winding direction and wound around the 
perforated cylinder at a spindle rotation number of 800 rpm 
until the major diameter reached 62 mm to obtain a filter 
cartridge having a yarn space of 1.5 mm and a void rate of 
83% in a filtration layer. The measurement results of the 
filtering performance are shown in Table 5. An effect 
exerted by the tongue section part was elevated by twisting, 
and the filter life was improved more than in Example 30. 
Example 32 

Used as an original nonwoven was a nonwoven which 
was prepared by laminating a nonwoven having a mass per unit 
area of 12 g/m^ prepared by a spun-laying method, comprising 
100% of a polypropylene fiber having a fineness of 2.4 dtex 
on both sides of a nonwoven having a mass per unit area of 6 
g/m^ prepared by a melt blowing method, comprising 100% of a 
polypropylene fiber having a fineness of 0.06 dtex and in 
which 12% of this laminated nonwoven area was thermally 
compression-bonded by means of a hot embossing roll. This 
original nonwoven was slit to a width of 5 cm, and then the 
same cuts were provided by means of the same apparatus as 
used in Example 29 to prepare a tongue section part- 
containing strip of nonwoven having a tongue section part 



area ratio of 35%. Next, this tongue section part- 
containing strip of nonwoven was subjected to a twisting 
machine and wound to thereby prepare a converged matter 
having a twisting number of 60 rounds /meter . Further, the 
same one as used in Example 1 was used as a perforated 
cylinder. The tongue section part-containing strip of 
nonwoven was delivered so that a tip of the tongue section 
part was turned to a winding direction and wound around the 
perforated cylinder at a spindle rotation number of 800 rpm 
until the major diameter reached 62 mm to obtain a filter 
cartridge having a yarn space of 1.3 mm and a void rate of 
82 % in a filtration layer. The measurement results of the 
filtering performance are shown in Table 5 . The fibers 
having a small fineness were contained in the nonwoven, so 
that the filtering accuracy was elevated more than in 
Example 30. An effect exerted by the tongue section part 
was elevated by twisting, and the filter life close to that 
in Example 3 0 was shown. 
Example 33 

Used was the same tongue section part-containing 
strip of nonwoven as in Example 31. Next, this tongue 
section part-containing strip of nonwoven was subjected to a 
twisting machine and wound to thereby prepare a converged 
matter having a twisting number of 80 rounds /meter . Further, 
the same one as used in Example 28 was used as a perforated 
cylinder. First, a wide nonwoven prepared by a melt blowing 



method, comprising a polypropylene fiber having a fineness 
of 0.1 dtex and a mass per unit area of 24.8 g/m^ was wound 
around the perforated cylinder by two rounds. Then, the 
tongue section part-containing strip of nonwoven-converged 
matter obtained in Example 31 was delivered thereon so that 
a tip thereof was turned to a winding direction and wound 
around the perforated cylinder at a spindle rotation number 
of 800 rpm until the major diameter reached 62 mm to obtain 
a filter cartridge having a yarn space of 1.5 mm and a void 
rate of 83% in a filtration layer. The measurement results 
of the filtering performance are shown in Table 5. The 
filtering accuracy was elevated by interposing the nonwoven 
having a small fineness into the inner layer, but the same 
filter life as in Comparative Example 9 in which the 
filtering accuracy was considerably low was shown by virtue 
of an effect of the tongue section part exerted by using the 
twisted tongue section part-containing strip of nonwoven. 
Comparative Example 9 

A spun yarn of 1078 tex comprising 100% of a 
polypropylene fiber having a fineness of 2.2 dtex was used 
in place of the tongue section part-containing strip of 
nonwoven, and it was wound around the same perforated 
cylinder as used in Example 28 at a spindle rotation number 
of 800 rpm until the major diameter reached 62 mm to obtain 
a filter cartridge having a yarn space of 1.0 mm and a void 
rate of 82% in a filtration layer. The measurement results 



of the filtering perfomance are shown in Table 5. Both of 
the filtering accuracy (1) and the filtering accuracy (2) 
are low, and a difference thereof is large, so that the 
fractionating property is inferior. Further, bubbling and 
falling of the filter were increased very much. 
Comparative Example 10 

The original nonwoven used in Example 2 8 was slit 
to a width of 4 cm and wound around the same perforated 
cylinder as used in Example 28 at a spindle rotation number 
of 800 rpm until the major diameter reached 62 mm to obtain 
a filter cartridge having a yarn space of 1.0 mm and a void 
rate of 80% in a filtration layer. The measurement results 
of the filtering performance are shown in Table 5. The 
filtering accuracy (1) was equivalent to that in Example 28, 
but the fractionating property was inferior, and the filter 
life was inferior as well. 
Comparative Example 11 

Used as an original nonwoven was a nonwoven having 
a mass per unit area of 24.5 g/m^ prepared by a card method, 
which comprised 20% of a sheath-core composite fiber having 
a fineness of 2.2 dtex and a sheath core ratio of 5 : 5 and 
comprising a high density polyethylene as a sheath component 
and a polypropylene as a core component and 80% by weight of 
a cotton having a fineness of 2.1 dtex and in which fiber 
intersections were thermally bonded by means of a hot air- 
through type heater. This original nonwoven was processed 



by the same production process as in Example 29 to prepare a 
tongue section part-containing strip of nonwoven having the 
same ratio of tongue section part area. Next, this tongue 
section part-containing strip of nonwoven was subjected to a 
twisting machine and wound to thereby prepare a converged 
matter having a twisting number of 180 rounds /meter . 
Further, the same one as used in Example 28 was used as a 
perforated cylinder. The tongue section part-containing 
strip of nonwoven was delivered so that a tip of the tongue 
section part was turned to a winding direction and wound 
around the perforated cylinder at a spindle rotation number 
of 800 rpm until the major diameter reached 62 mm to obtain 
a filter cartridge having a yarn space of 1.7 mm and a void 
rate of 77% in a filtration layer. The measurement results 
of the filtering performance are shown in Table 5. Twisting 
too much reduced a void rate of the converged matter, 
increased the initial pressure loss more than in Example 29 
and reduced the filtering accuracy (2). Also, the filter 
life was inferior as well. Further, because of a small 
proportion of the thermoplastic fiber, fiber falling was 
increased, and bubbling was increased as well by virtue of 
an effect exerted by a fiber finishing agent contained in 
cotton. 
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Shown below are examples in the case of a filter 
cartridge prepared by winding two or more strip of nonwovens 
at the same time according to the fifth invention of the 
present invention. 
Example 34 

Used as a filament nonwoven was a polypropylene- 
made spun-laid nonwoven which had a mass per unit area of 22 
g/m^, a thickness of 200 [im and a fineness of 2 dtex and in 
which fiber intersections were thermally compression-bonded 
by means of a hot embossing roll. Further, used as a 
perforated cylinder was a polypropylene-made injection- 
molded article which had a minor diameter of 3 0 mm, a major 
diameter of 34 mm and a length of 250 mm and in which 180 
holes of 6 mm square were drilled. The filament nonwoven 
described above was slit to widths of 30 mm and 20 mm to 
obtain strip of filament nonwovens. The respective strip of 
filament nonwovens were wound as they were around the 
perforated cylinder at the same time at a spindle initial 
speed of 1500 rpm by means of a winder until the major 
diameter reached 62 mm while controlling a winding number at 
3.273 so that a gap between the strip of filament nonwovens 
became 0 mm to obtain a cylindrical filter cartridge 5 shown 
in Fig. 36. The constitution of the filter cartridge and 
the measurement results of the filtering performances are 
shown in Table 6. A trapped particle diameter in this 
filter cartridge was about 8 im, and the water permeability 



and the other filtering performances were good. In 
particular, the filter cartridge was less reduced in a 
filtering accuracy in a rise in pressure and excellent in a 
filter life. 
Example 35 

A filter cartridge was obtained by the same 
process as in Example 34, except that total 4 fabrics of 
each two strip of filament nonwovens having widths of 3 0 mm 
and 20 mm were wound as they were around the perforated 
cylinder at the same time while controlling a winding number 
at 3.714. The constitution of the filter cartridge and the 
measurement results of the filtering performances are shown 
in Table 6. This filter cartridge had such filtering 
performance that an increase in the number of the strip of 
filament nonwoven resulted in more roughened accuracy than 
in Example 34. 
Example 36 

A filter cartridge was obtained by the same 
process as in Example 34, except that the winding number was 
controlled to 4.429. The constitution of the filter 
cartridge and the measurement results of the filtering 
performances are shown in Table 6. This filter cartridge 
had such filtering performance that a change in the winding 
number resulted in the accuracy which was more roughened 
than in Example 34. 
Example 37 



A filter cartridge was obtained by the same 
process as in Example 34, except that the winding number was 
controlled to 4.273 and that four strip of filament 
nonwovens having a width of 40 iran were wound as they were 
around the perforated cylinder at the same time. The 
constitution of the filter cartridge and the measurement 
results of the filtering performances are shown in Table 6. 
This filter cartridge had such filtering performance that an 
expansion in a width of the strip of filament nonwoven and 
an increase in the number of the strip of filament nonwoven 
resulted in the accuracy which was more roughened than in 
Example 34, 
Example 38 

A filter cartridge was obtained by the same 
process as in Example 34, except that the winding number was 
controlled to 3.476 and that two strip of filament nonwovens 
having a width of 3 mm were wound as they were around the 
perforated cylinder at the same time. The constitution of 
the filter cartridge and the measurement results of the 
filtering performances are shown in Table 6. This filter 
cartridge did not show a large difference in a filtering 
performance as compared with that in Example 34, but time 
required for winding was extended more than in Example 34. 
Example 3 9 

A cylindrical filter cartridge was obtained by the 
same process as in Example 36, except that a raw material 
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resin for the filament nonwoven was changed to nylon 66. 
The constitution of the filter cartridge and the measurement 
results of the filtering performances are shown in Table 6. 
This filter cartridge had a filtering performance of almost 
5 the same degree as in the case of Example 36. 

Example 40 

A cylindrical filter cartridge was obtained by the 
same process as in Example 36, except that a raw material 
resin for the filament nonwoven was changed to polyethylene 
ii) terephthalate. The constitution of the filter cartridge and 

fc* the measurement results of the filtering performances are 

=fl shown in Table 6. This filter cartridge had a filtering 

O performance of almost the same degree as in the case of 

nj Example 36. 

^ Example 41 

A cylindrical filter cartridge was obtained by the 
same process as in Example 36, except that used as a 
constitutional fiber for the filament nonwoven was a sheath- 
core composite fiber comprising a high density polyethylene 

20 (melting point: 133°C) as a low melting point component and 

a polypropylene (melting point: 165°C) as a high melting 
point component in a weight ratio of 5 : 5. The 
constitution of the filter cartridge and the measurement 
results of the filtering performances are shown in Table 6. 

25 This filter cartridge had a higher accuracy than in the case 

of Example 36 and was such excellent in a filtering accuracy 
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that the trapped particle diameter in 0.2 MPa was scarcely 
different from the initial trapped particle diameter. 
Example 42 

A cylindrical filter cartridge was obtained by the 
same process as in Example 41, except that a linear low 
density polyethylene (melting point: 122°C) was used as a 
low melting point component. The constitution of the filter 
cartridge and the measurement results of the filtering 
performances are shown in Table 6, This filter cartridge 
had a filtering accuracy of the same degree as in the case 
of Example 41 and was more excellent in a water permeability 
than in Example 41. 
Example 43 

A cylindrical filter cartridge was obtained by the 
same process as in Example 42, except that a thermal 
compression bonding method for the fiber intersections was 
changed from a method using a hot embossing roll to a method 
using a through-air heater. The constitution of the filter 
cartridge and the measurement results of the filtering 
performances are shown in Table 6. This filter cartridge 
had an accuracy which was a little more roughened than in 
the case of Example 42. 
Example 44 

A cylindrical filter cartridge was obtained by the 
same process as in Example 36, except that a fineness of the 
filament nonwoven was changed to 10 dtex. The constitution 



of the filter cartridge and the measurement results of the 
filtering performances are shown in Table 6. This filter 
cartridge had an accuracy which was more roughened than in 
the case of Example 36. 
Example 45 

A cylindrical filter cartridge was obtained by the 
same process as in Example 36, except that a mass per unit 
area of the filament nonwoven was changed to 44 g/m^. The 
constitution of the filter cartridge and the measurement 
results of the filtering performances are shown in Table 6. 
This filter cartridge had an accuracy which was rougher than 
in the case of Example 36 and stayed in the same degree as 
in the case of Example 35. 
Comparative Example 12 

A filter cartridge was obtained by the same 
process as in Example 34, except that one strip of filament 
nonwoven having a width of 50 mm was wound as it was around 
the perforated cylinder. The constitution of the filter 
cartridge and the measurement results of the filtering 
performances are shown in Table 6. This filter cartridge 
had the same filtering performance as in Example 34 but was 
inferior in a water peirmeability as well as a filter life. 
Comparative Example 13 

A cylindrical filter cartridge was obtained by the 
same process as in Comparative Example 12, except that the 
winding number was controlled to 4.429. The constitution of 
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the filter cartridge and the measurement results of the 
filtering performances are shown in Table 6. This filter 
cartridge showed a filtering performance of almost the same 
degree as in Comparative Example 12. 
Comparative Example 14 

A polypropylene-made spun yarn having a diameter 
of 2 mm prepared by spinning a fiber having a fineness of 3 
dtex was used in place of the strip of filament nonwoven to 
obtain a filter cartridge by the same process as in Example 
36. The constitution of the filter cartridge and the 
measurement results of the filtering performances are shown 
in Table 6. This filter cartridge had an initial trapped 
particle diameter which was considerably more roughened than 
in Example 36 and stayed in the same degree as in the case 
of Example 35. However, it was inferior in a water 
permeability as well as a filter life to those in the case 
of Example 35. Further, bubbling was present in the initial 
filtrate, and falling of the filter was observed. 
Comparative Example 15 

A cylindrical filter cartridge was obtained by the 
same process as in Example 36, except that a filter paper No. 
1 prescribed in JIS P3 801 which was cut to widths of 3 0 mm 
and 20 mm was used in place of the strip of filament 
nonwoven. The constitution of the filter cartridge and the 
measurement results of the filtering performances are shown 
in Table 6. This filter cartridge had an initial trapped 
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particle diameter which was smaller than in the case of 
Example 36 and more roughened than in the case of Example 34. 
However, the initial pressure loss was large, and the 
trapped particle diameter in a rise in the pressure was 
different from the initial trapped particle diameter to a 
large extent. Further, the filter life was extremely- 
shortened. Also, falling of the filter was found in the 
initial filtrate. 
Comparative Example 16 

A splittable staple fiber of an eight division 
type having a fineness of 4 dtex comprising polypropylene 
(melting point: 165°C) and high density polyethylene 
(melting point: 133°C) was turned into a web by means of a 
card machine and subjected to fiber splitting and 
hydroentangling by high pressure water to obtain a split 
staple nonwoven having a mass per unit area of 22 g/m^. 
Observation of this nonwoven under an electron microscope 
and image analysis thereof resulted in finding that 5 0% by 
weight of the whole fibers was split into fibers having a 
fineness of 0.5 dtex. A cylindrical filter cartridge was 
obtained by the same process as in Example 36, except that 
this nonwoven was cut to widths of 30 ram and 20 mm and used 
in place of the strip of filament nonwoven. The 
constitution of the filter cartridge and the measurement 
results of the filtering performances are shown in Table 6. 
This filter cartridge had an initial trapped particle 
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diameter which was smaller than in the case of Example 36, 
but the trapped particle diameter in 0.2 MPa stayed in the 
same degree. Further, a little bubbling was found in the 
initial filtrate, and falling of the filter was observed. 
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Industrial Applicability 

As described above, the filter cartridge of the 
present invention is balanced in characteristics such as a 
liquid permeability, a filter life and stability in a 
filtering accuracy. Further, it is characterized by that 
bubbling is not observed in the filtrate. 
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CLAIMS 

1 • A filter cartridge prepared by winding a strip of 

nonwoven comprising a thermoplastic fiber obtained by 
bonding at least a part of the fiber intersections in a 
twill form so as to make a cylindrical form, wherein a 
filtration layer comprises a first filtration layer and a 
second filtration layer; the first filtration layer 
comprises a filament nonwoven; and an initial 80% trapped 
particle diameter in the second filtration layer is 0.05 to 
0.9 time as large as an initial 80% trapped particle 
diameter in the first filtration layer. 

2 . The filter cartridge as described in claim 1 , 
wherein the strip of filament nonwoven is turned into a 
pleated matter having 4 to 50 pleats and wound around a 
perforated cylinder in a twill form. 

3. The filter cartridge as described in claim 2, 
wherein at least a part of the pleats of the pleated matter 
is arranged in non-parallel. 

4 . The filter cartridge as described in claim 2 , 
wherein the pleated matter has a void rate of 60 to 95%. 

5. The filter cartridge as described in any of claims 
1 to 4, wherein the first filtration layer of the filter 
cartridge has a void rate of 65 to 90%. 

6. The filter cartridge as described in claim 1, 
wherein the second filtration layer is prepared by winding a 
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perforated sheet around a perforated cylinder in a layer 
form. 

7. The filter cartridge as described in claim 1, 

wherein the second filtration layer has a two-layer 
5 structure comprising a filtration layer (a) prepared by 

winding a strip of filament nonwoven comprising a 
thermoplastic fiber prepared by bonding at least a part of 
^ fiber intersections around a perforated cylinder in a twill 

J form and a filtration layer (Jb) in which the strip of 

filament nonwoven is continuously wound from the filtration 
layer (a) in a twill form while winding a perforated sheet 
^ in a layer form; and the first filtration layer is a 

J: filtration layer in which the strip of filament nonwoven is 

I; continuously wound from the second filtration layer in a 

p twill form. 

8« The filter cartridge as described in claim 1, 

wherein the second filtration layer is prepared by folding a 
perforated sheet around a perforated cylinder in a pleat 
form and molding it in a cylindrical form. 
20 9. A filter cartridge prepared by winding a strip of 

nonwoven having aperture parts and comprising a 
thermoplastic fiber obtained by bonding at least a part of 
fiber intersections around a perforated cylinder in a twill 
form. 

25 10. The filter cartridge as described in claim 9, 

wherein the strip of nonwoven having aperture parts is a 
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pleated matter having 4 to 50 pleats. 

11. The filter cartridge as described in claim 9 or 10, 
wherein the aperture part has an area ratio of 5 to 60% 
based on the whole area of the strip of nonwoven having 
aperture parts . 

12. The filter cartridge as described in any of claims 
9 to 11, wherein a porous material other than the strip of 
nonwoven having an aperture part is used for a part of the 
filtration layer in the filter cartridge. 

13 . A filter cartridge prepared by winding a strip of 
nonwoven comprising a thermoplastic fiber obtained by 
bonding at least a part of fiber intersections around a 
perforated cylinder in a twill form, wherein end face-sealed 
parts are provided at both end parts thereof. 

14. The filter cartridge as described in claim 13, 
wherein the both end face parts are sealed by melting or 
softening the strip of nonwoven constituting both end parts 
of the filter cartridge thereby integrating them with the 
nonwoven . 

15. The filter cartridge as described in claim 13, 
wherein the end face-sealed parts are formed by combining a 
sheet comprising the same resin as at least one of the 
thermoplastic resins used for the strip of nonwoven 
constituting both end parts on the surfaces of both end 
parts of the filter cartridge and melting or softening the 
sheet, thereby integrating it with the nonwoven. 
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16. A filter cartridge prepared by winding a strip of 
nonwoven comprising a thermoplastic fiber obtained by 
bonding at least a part of fiber intersections around a 
perforated cylinder in a twill form, wherein the nonwoven 
has a tongue section part. 

17. The filter cartridge as described in claim 16, 
wherein the tongue section part has an area ratio of 10 to 
80% based on the whole area of the strip of nonwoven having 
a tongue section part. 

18. The filter cartridge as described in claim 16 or 
17, wherein a porous material other than the strip of 
filament nonwoven having a tongue section part is used for a 
part of the filtration layer in the filter cartridge. 

19. A filter cartridge prepared by winding a strip of 
nonwoven comprising a thermoplastic fiber obtained by 
bonding at least a part of fiber intersections around a 
perforated cylinder in a twill form, wherein at least two of 
the nonwovens comprising a thermoplastic fiber are 
concurrently wound around the perforated cylinder. 

20. The filter cartridge as described in claim 19, 
wherein the widths of the strip of nonwoven are designated 
as Li, L2, L3, . . . . Ln (mm), and the winding numbers of the 
strip of nonwovens having the respective widths are 

designated as Ni, N2, N3, Nn; the relation between the 

former and the latter being expressed by the following 
equation (A) : 
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7^(Li X Ni) + (L2 X N2) + + (Ln X Nn)^150 

(provided that the total of Ni + N2 + + Nn is an integer 

of 2 or more) . 

21. The filter cartridge as described in any of claims 
5 1, 9, 13, 16 and 19, wherein the thermoplastic fiber is a 

thermally adherent composite fiber comprising a low melting 
point resin and a high melting point resin, difference in 
melting point between both resins being 10°C or more. 

22. The filter cartridge as described in claim 21, 

W wherein the low melting point resin is a linear low density 

l,x, polyethylene and the high melting point resin is a 

^ polypropylene . 

p 23 . The filter cartridge as described in any of claims 

m 

m 1, 9, 13, 16 and 19, wherein fiber intersections in the 

g strip of nonwoven are bonded by thermal compression bonding 

by means of a hot embossing roll. 

24 . The filter cartridge as described in any of claims 

1, 9, 13, 16 and 19, wherein fiber intersections in the 
strip of nonwoven are bonded by hot air. 
20 25. The filter cartridge as described in any of claims 

1, 9, 13, 16 and 19, wherein the strip of nonwoven is 
twisted . 

26. The filter cartridge as described in any of claims 
9, 13, 16 and 19, wherein the filtration layer of the filter 

25 cartridge has a void rate of 65 to 90%. 

27. The filter cartridge as described in any of claims 
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9, 13, 16 and 19, wherein the strip of nonwoven comprises at 
least 30% by weight of the thermoplastic fiber. 

28. The filter cartridge as described in any of claims 
1, 9, 13, 16 and 19, wherein the strip of nonwoven has a 
width of 0.5 cm or more, and a product of a width (cm) and a 
mass per unit area (g/cm^) of the strip of nonwoven is 200 
or less. 

29. The filter cartridge as described in any of claims 
9, 13, 16 and 19, wherein the strip of nonwoven is a 
filament nonwoven. 
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lSa«^'flS:fT'S;tSf. WML ft:. XaatCfF^^KfcWif 



(Application No.) 



(Filing Date) 
(fHB0) 



I hereby claim the benefit under Title 35, United States Code. 
Section 120 of any United SUtes appricat'ion(s), ar36S(c) of any 
PCT International appFicatton designathig the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United SUtes or PCT 
International application in the manner provided by the first 
paragraph of Titia 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37. Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
the national or PCT International filing date of 



(Status: Patented. Pending, Abandoned) 



(Status: Patented, Pending, Abandoned) 



de herein of my own 
knowledge are true and that all statements made on infonnation 
and belief are believed to be true: and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of TiUe 18 of the 
United States Code and that such wtHful false statements may 
jeopardize the validity of the appticatian or any patent issued 



Pi»e2i>f6 



Under ttu Paperwofk Rectucdon Act of 199S, no pecsoia ar« 



PTO/SB/106 (8*96) 
ApproMd for UM through 9/30/98. 0MB 0651-0032 
Patwt «Kt Tradcmwk Offie*; U.S. DEPARTMENT OF COMMERCE 
required to respond to ■ collection of Intbrmatlon ur^leseitdlapliyaa vaMdOMB control number. 



Japanese Language Declaration 



^.il. ;li|s]2ti94a!3 Sai 1 9 [a) -id) ma 3 6 5^ 
'Ai£LTv^S1^3ff^iS;/3*^ 3 6 5 (a) ^tc:aEi"< NWaitt. X 



Prior Foreign Applieation(s} 

11-172881 

(Number) 
(S-ii-) 

11-207123 

(Number) 
(*•»*•) 



B;j^B JAPAN 
(Country) 

B tKB japan 

(Coufitry) 



(Application No.) 

(was*) 



(Filing Date) 
(^05) 



fc. ^^mmn^jx^mman^^ti^smmms 5»i 1 2^ 



(Application No.) 
(W«#^) 



(Application No.) 
{mUBS^J-) 



(Filing Date) 
(W«f0) 



(Filing Date) 
(mJSfB) 



mi. fti^i J!'«*Ia^cs1^^r;t:a:■3^^f«^'Ta.!4s^f^t^ s 

lc«i*< «(fl>4S^rK3Sr-S>5 i:«l:T^^5c i. $ f>ic* 

1 0 0 i^fefcisi'ir. f]&*fcs±ltis?. iiL<ii^ 

wiii^ic J; 5 SStfH c i . -t L r * w X 3 ji«.aii± 5 



I hereby claim foreign priority under Title 3S. United SUtes Code, 
Section 119 (a)-(d) or 36S{b| of any foreign application(s) for patent 
or inventor's certificate, or 36S{a} of any PCT international 
application which designated at least one country other than the 
United States, listed below and have also idenllfred below, by 
checking the box, any foreign application fbr patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the applleatiofl on which priority is claimed. 

Priority Claimed 



(Oay/Month/Year Rled) 
(iiiW^.q B) 

22/07/99 

(Oay/Month/Year Filed) 



I hereby claim the benefit under Tide 35, United States Code, 
Section 11S(e) of any United States provisional appUcation(s) listed 
below. 



(Application No.) 

(was*) 



(Filing Date) 



I hereby daim the benefit under Title 3S, United States Code, 
Section 120 of any United States application(s), or3fiS(c) of any 
PCT International application designating the United States, listed 
Iwlowand, insofar as the subject matter of each of the claims of 
this application is not disclosed In the prior United States or PCT 
international application in the nnanner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.5« which became available between the filing date of the 
I»ior application and the national or PCT International filing date of 



(Status: Patented. Pending, Abandoned) 
(Status: Patented, Pending. Abandoned) 

mm - ^n-SF^m, siiKf. tmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on infonmation 
and belief are believed to be true; and further that these 
statemenU were made with the knowledge that willful false 
statements and ttw tike so made are punishable by tine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



P«Se3 af 6 



Under the Paperwofk Reduction Act of 199S, no perawa are requtred to re»pond to i cdlection 



PTO/SB/106 (8-86) 
ApproMd for use thnaugti 9/30/98. OMB06S1-0032 
and Tfadem«k Office; U.S. DEPARTMENT OF COMMERCE 
of InfbmaUon unless ft displays a vaM OMB control number. 
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Prior Foreign Application(s) 

11-231616 

(Nunfiber) 

(Number) 



g;7^[g JAPAN 
(Country) 



(Country) 



I hereby claim foreign priority under Title 35. United States Code, 
Section 1 19 (a)-<d) or 3«5(b) of any foreign applicatiQn(s) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application whicli designated at least one country other than the 
United States, listed below and have also idenlMed below, by 
checking the box. any foreign appUcalfon for patent or inventor's 
certificate, or PCT International appiieation having a filing data 
before that of the application on which priority is claimed. 

Priority Claimed 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



I hereby claim the benefit under Title 3S, United States Code. 
Section 119(e) of any United States provisional applicatian<s) listed 



(Application No.) 



(Filing Date) 
(ttJISB) 



ffi:^j|fe*5i3 6 s *(c)K:«-f<l«¥iJS:rrca!«L-i-f-. * 



(Application No.) 
{}«W#^) 



(Appiieation No.) 



(Filing Date) 
(HIliB) 



(Filing Date) 
(tUMS) 



(Application No.) 
(W«#*) 



(Filing Date) 

(mias) 



I hereby claim the benefit under "Htie 36, United States Code, 
Section 120 of any United SUtes application(s). ar36S(c) of any 
PCT International applicatfon designating the United States. listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed In the prior United States or PCT 
International application in Hie manner provided by the first 
paragraph of Tifla 35, United States Code Section 112, I 
acknowledge the duty to disclose infonnration which is material to 
patentability as defined inTitre37, Code of Federal Regulations, 
Section 1J« which became available between the filing date of the 
prior application and the national or PCT International fiHng date of 
application. 

(Status: Patented. Pending, Abandoned) 
(Status: Patented, Pending, Abandoned) 



<a:¥Sr&L-£-j-. 



I hereby declare that all 
knowledge are true and that all 
and belief are believed to be 
statements were made with the 
statements and the like so made 
imprisonment, or both, under Sec 
United States Code and that such 
jeopardize the validity of the a| 




by fine or 
1001 of Title 18 of the 
ul false statements may 
or any patent issued 



P.Be4»f6 



PEiaianiTiadBnakOiaac U^.0BWnKB4rOFOCMw^£ 



l*tbr tB ftapaw* Raclrfm Act of iSBSi no peracre ate 



Japanese Language Declaration 

: *£.t4TEOfSW#iUT, ^tBlSfeMfS— ^<©^ POWER OF ATTORNEY: As a named rnventor. I hereby a 
^$*®4ffFeS®»CJtLTaifTf S#S±*fcHftaAi:b ppoint the following attomey(s) and/or agent{s) to prosecute 
T. Tffi<0«€^mi&<'i/tL*r (^Ji±, Sfcttf^SAODft^S this application and transact all business In the Patent and 
S.I^2&S-^$WIS<OC:i:) . Trademarlc Office connected therewith (fist name and registra 

tion number) 




Crawtofd, Robert 
Oaignault, Roiwld > 

Oal«y. Owini* R. ...^ .. 

OauHon. Julia R. Rag. N 

OiPinMra. Mam J. Rag. N 

Orml MicAaal A. " 
EdSCRobart T. 

Fiitiar. Miehaat a. „ 

Fauvir. Cola M. Rag. N 

FuajyStavan R. Rag. N 



N/feCurtis B, Hamre 
(^) 336-4722 





CKfMnaM. R««. 



Vandanbwsk. t. Oarak Rag.^ 




Send Corr espond ence to: 
MftGwtis-BTRamre — 
MEBCb!Ablli30UtBr-Pr-C. 
SllSl-NoQAtest-Genter 

90 Smith ^M fl nth gfr /Md^ 

, Minn:^ LPQljS._Mtll55402-4131. U.S JV. 

Direct Telephone Calls to: fname a/wS 
Mr.Curtis B. Hamre 
(612) 336-4722 







Full name of sole or first inventor 

Qsamu YAMAGUCHI_x, 








Inventor's signature Date 

0/u..7»AA. '^a.-m^'i^cJ.i September 5, 


, 2001 


B *Hmsm^ujm5AAfflT25i#±-fi 




Residence Tankai-ryo, 251, Tateiri-cho, 
Moriyaitia-shi, Shiga-ken, Japan \\y ) 








Citizenship <^ ^ 

Japanese 








Post Office address 

Same as above 








Full name of second joint inventor, if anv 






.VP 


Secpnd Inventor's signature Date 

Mlam^n^nl ^ujLJ^ September 5 


2001 


B m ¥ W ¥ S fflX^i^. Ji ffl 974#±-te 


Residence 974, Oharaujada, Koka-cho, Koga- 
Shicra-ken, Japan i 


gun. 






Citizenship , 

Japanese 








Post Office Address 

Same as above 





(Supply similar information and signature for third and 
subsequent joint inventors.) 



Page 5 of 6 



Japanese Language Declaration 




Full name of third joint inventor, if any 

Tlideo llOBUHARA 




rhird joint Inventor's signature ^ ^ Date 

lUM^ ^mJ^^ Sept. 5, 200 L 




Residence 26-67, Akibadai, Otsu-shi, £higa-ken. 




Citizenship Japanese y ^ 




Post Office Address 

Same as above 










Full name of fourUi joint inventor, if any 




FourOi joint Inventor's signature Date 


3 em 

D 


Readence 




Citizen^ip 




Post Office Address 










Full name of fifth joint inverrtor, if any 




Fifth joint Inventor's signature Date 


□ ft^ 


Residence 


mm 


Citizenship 




Post Office Address 










Full name of sixth joint inventor, if any 




Sixth joint Inventor's signature Date 


mm 


Residence 


mm 


Citizenship 




Post Office Address 






(IIA * li ni2i{^0#tlRl#^#lCjt^i L T 151*114' It (Supply similar information and signature for third and sub- 
U^^Xfm^im^ti>Z.to ) sequent joint inventors.) 
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